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';H AP'l'ER 1
Introdu.tion
Th. genua Sphynua ... fir.t cl.ar17 defined bl Ehrhart in 1180,
previoua work.ra having includ.d ...... of ••v.ral oth.r gen.ra with
.0 .. genuine SphagnWl apeoi... Fro. 1180onward.. varioua br,yologists
publiab.d pa~ra and book. d.aliJ1c witu tho anatoJr,Y.sl.t.matics and
reproduction ot ...... anel ~ uaetul ob•• rvation ••• re mad. on the
Sph.8Pa. Sob1rlperin 1658' •• oribed .. v.ral specie. in d.tail uaiDc
a wid.. rang•• f diagnostio oharaotera. .hil. L1ndbersin 1862.ugg.sted
a .oh... ot cl .... ific.tion which1s .1Dd.Iarin olltline to tho .OM ...
in UN at tho pre.. nt t1M. A t.. l.t.r .lIthora, notably Rue...
(1865), Md. valuable oontributiou to tho lmo.lodp ot this genua.
but tho period of int.n.i .. stw11of tho Spbacnaoo.. by European
brJ0logi.t. did.DOtnart unt11 ..n.r tho public.tion of Braith.ait.'.
_nocraph in 1880. 'fhi.... tho tint work written in ~li.h which
.... a.voWel entirely to 'tho Sphaeua .pecie. ot r;urope _" Nor'th
Aurioa.
1011"111&thl8, l&l'Utort 1n part10ular publi.hed aan,y papon
d.&liDc with Sp!ltpWl .yn.matio., his KrzRWluentlora "r Mark
Brandenbeg (1899) ... traDal.t .. tor tho boDetit ot Bl'ltiah read.n
b7 Hornll (1900). Horrell tollowed larn.tort in reoognl.iDg th.
:t.Uo.1D& oiFt MOtaM; - Aoutifolla, Squarro... ~\I8plclata,Pelyolad.,
R1&:1d.a. Tl'UII.Oata,SubMOlmd •• ~,.bitolla. It 18 1ntoro.t1Dg to DOte
that duriDc tho pnparatien ot thi. wal'lt I&1'I18tort"vi..d tho Sootien
Oup14at. h~n.\lUb17tor 1aolu.ion in Ptlauontud.l1el1 (1900» UlCl
1noroaHd tho nuabor ot European 8peoi.. in thi. MOtion tro. 8 to 16.
The next olaa.1fio.ti.n due t. Warn.torf (1900) resembled hi.
earlier one, exoept that Gy.bitoli ..... placed by it.elf in • Section
lnophloe., pnoed:1a&Section Litophloe. 1fhietloonsisted of all other
grouP. er .ub-Hoti.n.. Ad180118.10not the taxonollli.o.tatua ot
the.. oategorie. i. given by Andren (1911, p.74).
Tbe next major work on the Spb8lll. w.. &IN due to la.rnetort Who
publiBhed b1. Sphapologia Un1ftna.u. in 1911 .. part ot ::.'rJgler'.
Pflansenreiob. In thi., 580'\1811Inepbloo.... placed after Litophl..
within whiohthe erd.r ot .ub-eeotlou ... aIR obuaed. Sherrin
in 1927 publi8hed AD Illustrated Hand_It ot Br1,1ab SM,!!a, whioh
... iD ettect a tran.latioD et the nlevant part. ol l&l"Utorf".
wort. Thua Snerr1n'. Seotion I L1tophloe. w.. oeapoHd ot tift
8ub-.eoti.. arr.... d iD the tollowiDe .rdera - Aoutileli., Rigid.,
Squarn • ., ';uspidata, Sub..... a. Sub-.. oti.. Trunoat. aIlCl 1>o11ollila
.eN .111tted. .. .aoh 1. NpNMnte4 bJ a .ingle apeole. which d.e. _t
ooour iD Britain.
While aciraitting the validity ot W.. natort's croupinc. a~ leut ..
appl1e4 to Europeln _cl _n-tNpio&l AaeriO&D tOl'll8, Andrew., in thl
North Berioa 'lol'a (191,. a) narranp4 the poups, _cl cl1Y1clecl
Litophloea into tw Seotiou. Andnn ,i". the reueu tor thia
pNOedun iD •••• ea North A.nAM Sphypwa (1911, p.75). Hia
tiDal ol ... llio&tion 1... tell ... ,-
S~nU8 I-.phloe&
Su'bpa_ Liwphloea
Sen». Kalaoeaph _ (R1c1cl& et 'arn.tort)
Secn1o. 10111pb _
,.
Seotion ACi8phagnum
GroupSquarro.a
Group,.!U8pidata(including Sub•• oundaof Warnetorf)
GroupAoutifolia
Th. 010.. relationahip of the three group. ot Seotion AoiBphagnUID
and the d•• irability of combining Sub•• oundawith ~uspidata are
diecU8 .. d bl Anclren in furth.r Not.. on North AmerioanSph!g!lWl
(191,b, p.60, and 1915, p.l reepeoti~l1).
G... (1948) follow.d larnetor:t rather '\hm Andren, but did not
reoogni.. the S.ction RiBida, in the lat.et (1957) edition .t hie
wen, however, Ga.ma gi.... thi. S.ction a .tatue .qU&lto that of
Seotiou Cuepidata. Aoutifolia .to., Riohard. and. Wallac. (1950)
to11... d AD4rww.' cl ... itication into Sections and Group., but
Prootor (1955) aa1nta1ned Cupidata aDd Sub.. oun<iau ..parat ... ri •••
d.tined bJ SohUephaok. (1865), whichwith '\h. addition of Schliepbaoke'.
lIollU8oa, oon.titut •• the _n•• Cuapidata .. understood by Prootor
and G.... The pe1lp 18 repntsented 111"h. Briti.h 1.1•• by .ight
.peoie., one of' whioh, 5.tenell. Pera., i. distinot fro. all the
ren 111 harlDBMort nal bru.oh leaWl., a oharact.r which led lamatort
(1911) _ plac. it al•• in a .. par.to GroupOyalia, the remainiJII
.poole. b.1Dg place.. iD Group x.no.. lata. Th. only oonf'ueionabout
S.__ 11_ b.. been OODo.ru.d with --.no1ature (An4nn, 1919)
aDd .. 1t .... W be aw11 d.fiMd 8pOOi •• it .... mitted fna the
pJ.'HOll'\ wrll. S.U,lI4bel'Jl18obp. _cl S.ripari_ ADgatr. aN
d.1atinot 8pOOie. a'beut 1Ib1ohth.N h.. 'been little or DO question _cl
4.
tuere i. rarely any ,L1f'ficul toY in.liet.ing·";';'ia.d.lJ.g these two species.
Doth are DIIOreover,quite rare, an... tn8 ~i:f'ficulty of cbt.a,•.ning
Llerbariwn sp801roena ano.. more •• pecially, fr •• h materiul for
oultivation, ar~d againat tlleir being inoluu.t:u in tuis "ol'k.
Of tue .rema.in1ne;five specie. reoogrJ.iseJ Dy :}iailar.:is & Wallac.
(1950>, s. obtuaum 'Hamat. 18 uncommon anJ can alway. be uistiuguisileJ
from. S. reaurvua by the presenoe in ti18 branoH leaves of one or two
rowa ot nUMroua a.wall "membrane tu1.nuinge." (fllU term i. uaS;!
by Andrews (19l3.a.) to a.esoribe the small rounli areu "':lioh resemble
unrinaea pore. exc.pt in thatth.l are Wl,Perfor<'1.tell, 8ll1ol which are
visible only &fi.r d.. p ata:1.n1ng.) s. balt1cium .~U88. i. al80
rare, ar.ld 18 .:t1riDguiaaed by the pre.enoe of oval to lingulate,
obt~, fibrillo .. at.. leave., a combination of a,lBraot.r. not
found in arq re1at.u apeo1e••
Ther. rem.ined the .oi •• s. reo~ S. pulo.nrum (Lindb. e.x
.Braitaw.) larnat. andS. oU!iillatum E..lrh. ex ioffm. emend. t W'-ii.Ol1
.. re nooN.a &8 llarillg a ride d.1atribution in Sh.rrin· .;enaua
catalOl!!! (1946). It wu d.oiJ.ed to inveat:l.8at. the ... peoie. in
d..taU.
Andrea (191'. b) reoogn1.aea the following varieti •• of the..
•peo:1e.,.
S. nourvua var. '\enue ~r.
S. oU8Pil.l.at_ vu. tgrrv1 (Sull.) bra.1.thw.
S. GuvidatUil vu.prrulat_ Sohl1epb.
The lu1; two -.re deaoribel. ... pec:1e. s. "torr.,&l1WIL $ull. and
s. 8erratum b.uat. by Sherrin (1927), -',10 g-ave under toe latter name
,ilarts of 'Iarnatorf's J.escriptiona of bot,l the alia.:;ia. ana ita variety
.. rrulaliWll Schliepi'l. Someerrors in tral1s1ation appear to :lave
ooourred, thus "Warnatorf (1911, p.::40) ....escribes the cordca! oell.
of the st .. of S... rratU1l 8.8 "bisDilen 80a.inb&J."f.Illenll" (Ik>mett..
apparently wanting), waereu Sherrin atate. (1927, p.3S) "cor-Lieal
o.lla of the st .. apparently wanting." Again Warnatorf (p.247)
<.i.soribe. the hyalin. 0811s ot the branch l.av.s of vu ... rrulatwa
aa "nioat selten sua grOssen -reU faa.rlo." (often for the greater
part withOut fibrils), wail. Sh.rrin'a a.scription re~s "not rarely
torch. mat pari fibrUlo..... l'11er8 is obvioua17oonf'ua1on &8 to
t~l•• .d.agno.is of thie taxon, and a re-examination of its statua
... 1Ied u•• 1rabl. •
rhe qua.tien of nomenola-tUN with regarc' to S. AOurY'lDl var, tenue
i. tully 1118O\18S.<.1 by An:iren (1917) the important point to not. a.re
beina id. inoluaion of .mall, imbr1oate-l.aveJ fOrJn3 ot W&rnatorf's
s. reo~ var. parvulwa and s. Ulbl;y'Rblllua var. pa:rv1toliUII under
var. "enue.fh1a leada on to the oona1d.ration of S. &IIbl,yphyllUJI
,{u.. Which 18 aooorded .pecific raDk bl Wamatort but "'ch 18
inoluu..11 b;J Andrft. (1917) und.r s. recurwa. S1mUarly S. Callax
von Kli.ncgr. 18 regarded 'b7 Andren (1917) u .imply an aquatio fOrJI
of S. reGurYUII. Th. variati ... robuatum mil !!.1ua ot s. reourvum,
anelvarietie. falc.twa, .u'bMra~ p1U11O.ua,p1uaulo.ua ot s. oU!pid.atua
d•• oribed 'b7 lamatort, U'e DOt _ntioDed by Andre... Altnough.
Ana.rna .tat .. ~a" s. pulo;.uoua 18 ... ily J1etingu1an.J. fro. S. reeurvum
6.
tne former was not a.cooru8U specif'ic rank until 19<N, anet
ttlU8 U ",,,,i J.esirable to 1nveatigate ita relations·lip ••
• '10wn later, tll.ere haa been oonsLerable ooni'u8ion in thia country
bet.een S. pulOflrum a.nu S. recurrom &nUa reuef1nitiotl of' taese epecies
.8,8 oertainly neeied •
.Phe .x~riUl.ntal work, an aocoull'li of' wnion constitutes trle main
part of' ·tede theaia, waa therefore cono.n~r&'te(l on ti:le f'ollowi.n&
&peoies and t.neir var-'.etie. 88 reoot,ni .. Li by W&rn8itorf;-
3. WlbWh.ylluu, S. Pu!O,ll'Ulll, ~. t..our~ S... rratWi, S. f'allax, and
S. oU8PiJatWJl. s. torNyanWi 1I'U omitteu owing to lack of liI&t.rial.
Inve.tigation of -the value of the ta.:u 110 Iletinu",- was great13
t.o11i tatea by the faot that mo.t of tile herbarlua .peo1mena .xamined
were gatuered b4atw.en 1910 &nu 1950, anu. .. re ool1Hqu.ntly identified
on W&l'IWtorf". ay.tea.
~ exuplee of laok ot preoi.. det14i tion oan be founcl in the
publilllled .ystematic o.ellonpt1ons, &nU 0_ ot the primary a1M ot
this work ... the improvement of de.oriptive .. thori. by uainc
quantitative oriteria wherepo .. ible. a further obje.Jt beiDe the
d.tend.natlon of tne reuge8 of Y&riab11ity of d.iacno.tio oharact.ra.
It w.. &lao hopeJ. b,. the \1M of (nuture .thod. to invnticate the
effect of eovil'OnMIlt on variability ot oharact.rs, and henoe to
...... the val_ of' previouaJ.¥ d.. oribed taxa, defiDeJ. on the baa1a
of th.. oharaoten. )\r ing a aiaoua.loD ODblo .. tr1o. aDd l17.temat1os
(iMlv111e et al., 1949-50) IIIIIl.J uaetul ooament. _re aaJe on tb ...
aspeot. or tUODOllio inveatication. In partioular, the Nauta of
ride appl1oa~t.n ancl oould .. 11 nter to Sph!&DUIl 8)'mJD&t10••
Th_ "----- net allot the oriteria wh10bhaft beeD up107ed
in olu.1cal de80ript1eJl pmve te be et equJ. vallie wha populatio.
rather '\baD 1nd1vidual. an Ude the object ot .tuq. To be ot
\1M iD crit10al .. 1Ip&riMn, tho taa1l1ar de.cript1ve cliche. ot
1Ipe0108 eli...... nqu1n _n ,nc1M det1n1t1en iD tor. .t populat1eJl
•
pu_t.n." a.. lep-oHarn..n &IN .lIgon. the an&l7.e. et pepu1.at1ena
tna eoeloc1o~ cl1vene habitat. to 4et.rm1M 1Ih1ahpboootJp10
obaraC'ten aho1r the lean intra- Utl iIIt.r- population ftri&bU1 V.
DetaUe4 nu41e •• t the ., .... '10•• t Sph..- have been tw.
Abel'C iD 1937 publ18h.d tbe nlUlt •• t a ...,Nhenalw .Ul'ftl .t the
EunpoaD SUMO_cia, 111 Whiohhe 0.. 1deN4 th. peN nl'UOtlll"e .t
ne. lea.,.. ad tne ad. 41rir1butlen .t br_oh leat ,on. to 'be the
_n 1IIJIenan41....-10 oharlOt.n. H. ret.n to '\be ,lan101tl .t
n_ leat .u. aa4 .trunun .... 1' a -nr1et, ot _in .. OOllcl1 t1oDa.
dnri.Dc attention t. the hot that ad'Nne Mnclit1eu l.ad to a rMuot1en
1Il rtt&llt7 u4 .... uent n'Nn1e1l to ~. JllftD11. tol'll, 1111Ib1oh
uu1 .nape .t n.. laue. 18 at ... app&Nllt, u ~ ... ohanoten an
.n- _d dl..,..n1oe.l.q. SiII1luoh..... ".N pl'MlIOed la .,..10 •
•t ~ C_,uata ,ft........ ill nt.1' lQ' Paul (19,2), to ne.. wl'k
Abuc .. t..... 1a .nt~ Moft, OM a1a et th1a ,n.-1 wlk
h.. Mea to ... tU .tteot .t Utt.lWlt oenclit1_ ot pewth _
8.
The next Chapt.r .t thl. th•• l. conal.t. ot • gen.ral aoOOUllt.t
tho _rph.log and an.torq ot tho Sp!lynua J)lant, with epeol&!
ret.nne. t. ,.. tllft•• t 41asno8"10 yalue. Speo1t1o 41tt.ronco.
wUl be 4ealt w1~ 1.D .ubHq __ MOtion. d•• liDe with tho 1ndlddual
taxa•
..
C. :iU'T'EH 2.
Structure ot the SPU8i1lWil guetopil,yte
Eaail plant conai.t. of a .tem whioh i8 capable of indefinite
long1tuJ1nal growth tro. d1vi.ion of the apioal cell. rhi. is
enolo .. d in a terminal bud tormeJ. ot .pirally arrangeu leave8 borne
direotly on the .t... :Branohe. aria. in til!. bu,l, &ni, owing to
dela.yeu .longation ot the .te, d.veloping branoh •• and .tem leave.
are orowJ.eJ. into a d.n .. coaal tuft or oapitulum. The brano.tle.
are of limit .... growth and ari .. in 'groUPS (£880101 •• ) of usually
.. to 6 at the .ide of .ver, tourth .t.. l.at. rh. f88010l.. are
norma.l.ly compo•• d of oomparat!vely robuat o.iverg.r.t (.pr.aJ.ing or
horiaontal) branoh •• , alU mor. alen(i.r penilent branch.a, wnioh ma;s
or aJ&3 DOt be appre8aeO. to tu. 8t_. iBoat.teu &lao aho. diOJlotollOUil
branohiDg of the &Xi., which ult1aa1;e17 1.&1. to an inore... in number
ot plant., .. th. old.r part. die and diaintegrat..1vergent and
pendent branob.e. bear olo .. ly .. t leave. arrqed. apirally. 50__t_., til. epiral arrang ... nt i. obaoured. 8.8 Whenthe leave. appear to
118 in .trdght line., ••g. in S. pulohrum, or when th.y are aeouna
or faloat. in eh.. WhenJr" the l.ave., .. peo1ally tno.. of
J.iv.rgent branohe., are ott_ imbricat. or reourveu. or \IIl,lulate, all
the.. oU&rlMSt.rabeing used d188l\O.t1oally. Stalk.a anth8l'idia are
borDe on apeolal bran.oh•• , .een at the .id. of a branoh leat, .hioh i.
otten d.J.ft.rent in ab.ape au atruoture froa nol'll&1.branoh leave ••
Anti18rid1al branoi:l_ are uaual.lJ ditterentiat.J all are noogni.abl •
.. • uGh in the ooaa, but the anth.ridJ.a Mil DOt mature until IIUtOhlat.r.
lC.
Archegonial branohes bear aignly 1Ip80iali .. d pericll .. v1al leave.
W.lose anatomioal sliruoture is used by An.lrewB (1913) in separating
the constituent group. of Aoi.phagnum.
lInatoy
.rh. st_ oonsist. of U8ually three acnes; a oentral thin-walled
·ti.aue Wilioll p..... gradually into a region otct1iok-walleli cell.
(often inappropriately 0&11&1 tne l1wooa-cylinJ.er'I)W<1iO[1i. _urrotmaed
by one or IIOrs lqer. of Lin ... alled "corta I .l."'he latter term again
1_ ha.r-tl1 applicable, an..l. .uould .trictly be re.. rvect for vaaoular
plants. :lo.. ·".r. I think it IIOre pel"ldssibl. than "wooJ-cylinjer'
wniohimpli.. hi.tological and phy.iologioal properti.. unknown in
Spilagna. WIl.re .. "cortex' merely desoribes the topograp.Jioal position
of th.ti_sue ratiler than i t8 _true ture or function. eth.r teru
UHJ. inclULie 'outicle I (Braittlwa1"e), IfStlUllllepidermial1 (famstorf(l9ll) >.
·'Rin.lenae1len" aDd "HyalO'i.l"IIia' (GaM (1940», til. 1.. t of th ...
probably being the .,at apt.:Jowever, .. moat of the lIOrU written
in Eng1i.fl UN "oortu" Whion 18 a oonoiae and J.•• oriptive term,
tau wW oontinue to be used in thiath_is.
J:clec;"4iok walleu .ub-cortioal. la"yera are otten p!gMntelL mu give to
ttl•• t_ ths OJ;.araote,·i.tie ,ellow, brown, r.i or green colour, wrdoh18
often ua8U in i.ientitication. rh. degree of ..lltr.rentiation ot the
aortas tro. the UDuerly1ng oell-1a¥era .. seen in oro •• -aeotlon i.
alao iDaportant.
r~l.branch azi. 18 oonstructed like til. .t.1I of a oentralUs.U8 anu
oor~as, t.l18 lat;~.r usually oonsiating of only on. layer of 0811s. f1c'a.ent
11.
1. U8ual4 tound in the .uboort1oal oeU•• t branab.. whenthe
.t .. 1. ool.un4 but apart tNIl a nt.nno. byG... (1957) (whlch
'rill be OOD81d.re4 iD. detaU lat.r) .. tiacno.U,o 1.JIportaDC. appear.
t. ha". bMDattached to the pn.. oe .r pis-nt in the branoh••
in the abMlloeof pipet in the n_.rh. val_ .t thi. t.atun
.. a 41.... tl0 Obaraot.1'w" 1n..n1g.ted. in thl. th•• i.. '!'he
pnHJlo•• t tw t,..,.. et 0.11 1n the branchGenu ... -.cl 'by AndNn
(19l,b) u the aa1D t••tun HpUatlDc A.olepb._ tn. JIal ... epbacnua._.t .abere .t the t.rMl' haft 1uc oolla • .oh wi.th .. uteDded "nook"
t.l"IIiAate4 bJ • pen (n_ri-ce11.) .1111 1n the aUe .t lAawa, the
NM1ninc oeriloal 00118MiDI .iaplA. !he lib.,. ADCl.1M et mori-
cella 18 .. tl ltJ AD4Nn u -inc .t cli..,..tl0 val_ 'IIith1Jl the
Sooti_ Aoi.8ph .
SMa 1 bnaoh leaw..... 00.....• t a .u-.le ~.r .t ..
~ .t _U. AIIdnn (1913&".,) 'e.oribe. the..... "u.nn l1naar
ohD~U-oeU. tOl'ldDa the .....• t • .twn .nololl1Dc the larp
1'beUe14al h1al1De _118, the latter Ninc pearo.. aDd - haY1ac
tile1r walla nW.1"OOCl 1nward1J bJ riDc-ahape4 .1' 8pi.ral t1brll-blDda,
perea .uK to .Ulptlo •• n. cletiDedbJ a fibril rins.· The.t.
loaft. q an al•.,. haft perea ID4 t1bl'Ue. D1n thor en. ha,. 1..
1rnp.lalt .....u .t the qaUM _11-nll nab .. rbH twin&' clem.,...t,
1••viDe n"I'J"iea pta. !he dJ.trib1n1e ..• t ~ .. _4 .t 1d.aU ..
.... 111the ,.rioh_tlal leaw. aN .t 41..".nl0 blperiuoe.
1.•
I'lle branoil leaves are usually boraen.1 wi tn a few rowa of narrow
:lyaline oella. similar oella fornd.ng a wiaer bor"".r in ('~lestell. leaves •
.,(1. ala-tive position of CfJ.lorophylloue anl .oyaline oella as Been in
trans~Jer8e seotion or in .uzface vi.. of tile bl~ancd leaves ilU been
'W1u.ol.Yused .. a _ana of HparaiJi..ng speciell, &II hu ttle nWllber and
~1.tribution of por •••
Eao11 speoies usuall,y has a ·.J.istinot facies, an....al-thOugl great
variabUity ocours, 1I1tu experienoe, JIlIm:1 oharao iie. maybe 8uc,Je •• fully
used for diagn.o.1a in th.e field.
~hua colour, siR, robUSi#ne•• , (lirec cion of bJranoru•• IillIJ proxiudty
of t&8010le. are tJ8n.rally given .. apeoif10 onaraa ters in lI,yatem&,io
ueaoJCi.ptions, althougn. preci •• definition i. imposaible where tne
habi-!; of the plan;,; 111concern.a..
CHAPTER ,
'rh•••• t 9,uantltatl..,.. orit.ria
AalU."v.7.f th. 11terature MOWS that diaeneloD8 .t ate. Ulcl
branch 1• .,... haw been IIUOhUMd &I diliMltl0 ohuaot.n,
panlou1ar~ b7 farutort whodiBt1Dgu1ah.d HlV varietal ton.
.n tho bul. .t leat 81M and length-width properU,on. AD4rwn
cl..... t _nt1OD the_ oharanen aDd. 11;18 perhap •• 1p.1tio.. t
that he al.. ipon ••• t .t Wanawrt'. ftZ'1eti... Sberr1n·.
elMOnptio. o!ellell' tolleY larnato1"f"., althouab h. gl..,...De
cleta11•• t tho Mnl ·tona" ad ....b-t.n.' noopi.ocl b7l&1'D1tort.
1'ho .aiD oriteriel1 tel' the ..,.at1en .t varieti.. .t s.ftOUft'lIa aa4
S.oug14at_ bl tbI_ Athel'l i. tho .i..•t bnnob loa ... , at••
loat diMn.1ou ..... U ... -iDe WIOd&I _11.
Th. lou varieU. •• t S.o!!J14a1_ Q80ribed b1 wU'Utol't U'e
f'urtMr dil1iiDpilihod by th.ir oharaot.l'1atio hablt. and haUtat.,
Which an ditficult to dot1De pno1Hq. Pn11.1n&17 tie1d
.bMrYatioa ."....tect that a nne- .f tena .t S.oupidat.W&I
.bt&1Dabl. Mar Banpl', aDd .. 1t ...... 14M to OODOeDtl'a'M
at_t!en t1nt 011 'bbl• .,.r;,iu ratt.1' tbua .. S.ftouwa whloh
would &be inYol..,.. the _n.id •• len .t S._bbpb.vU ..
Br.. h loat ... 1eu .t I.o.,i .... - ad it. varin.
an Pfta _lew (tna Wuutort, 19U).
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Len~h width.-
nm IBn
!?a cuaPidatum 1.(..- ~.f o.,~- (..'5
YAr. tale.tum 2.c - ~.r r,,
YaJ". au 'taler 8UJIl 1. ~ - 1.7 I.• ' _ e.6
Yar. ?..5 - '.0 (:.5 - 0.6
Yare 1.5 - 2.; 0.5 - (l. 4
different YU1.• tle. onrlat' In .cme oaae., while the range et length giYeft
tor .... plWl108UIIl t. ftI"Y large. It can only 'be proesume4 that
~ •• o't aWl .. sflle traa compe.rabl.e }:)U"'ta ot plant. were eumine4
tor the c1etel"lJdnation ot theae fl~., as Sherrin ItJeI"ely .-tat •• that
1t ".. of JrlJDU"Y ~ to •• tablish •• 'tandar41..ed sampling
gatherinp walld then be Yal.lct. en4 a ...... t...deane fd a1gnt.tioance
cnlld be &t~ to aav 41tterenoe. aongn t.....
conttnt. eoRIpU'illOM to er,.... .-..oft4 ,.._ OOI'Te.oon41nc !)Oe1t1ona
on 41tt ... at l;)l.a.nt..... Turl"tU, tft dieouaa1ng M.1riU.f• ~,
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t.UDd\hat •• ri•••t leaft. tro. ehort .hOOt.. alwq •• xhibit the ....
patt.ra .t TariatieD in .i.. and ab.pe, " th.t e&Gb.oi •• h.. •
oharaot.rinlo leat "apeotrua". Bi.JMttrio .b .. rv&'ti.na w.n o.nt1De4
to oerta1D .t the .. 1....... th.t ..... le. wen alwq. Gellparab1••
Th... _tucta .. N eu117 ad.pted t.r UN ill "be pre.. Dt 1n... n1ptloD
.t SPAAe~ the _'eo1e. .t wh10bala. have leat apeotN.
JIelT1lle ue4 .1IfO r.~_thus .1 41..,...tlo ob... aate~,
ad .. lelia ..... 1931 .uccenecl1rQ. et ur1ng thia. ObJ.otiT1t,
ill ..1eotlDc pan. w be ... urecl la .. aiD ItUal aarl h• .-ph.. i...
that the .111-- .t ... uriJI& aut be nob th.t Dt. ell
d1ftel'ellt .lad. leaft. an oeIlpRab1.. la.. l.a re _anre4 b7
traaiDa thelr .utU ..... ell t. tftDapann ,..por _d proJeot1Da tt.
t._ tN. a phetecrllphlo eal.arpr w tUl lengthri ... 10- 1IIl1tpi4.
Breadth .. uld. thlll M NU cU.reotl1 at replar ln~l'Y&la .. a p8roentap
.t leagth.
In the pr... t wut, the auth.r OftlTOCl•• la11ar teoba14.- ill
wlUDb the lJup. et 1........ N ,"'3e0te4 cllNOtll tn. a alo ...... pe
.u._W tu benoh lIJ ...• t a "p... jeot.rlux" appara... l\J
p...~Ht1al .. iIIIp .t ..1110.... tu a11d. at .. ald.tab1 lfioatiu
.. arid ... .....tn"eel .... ,Uce .t tnn8J&ftRt "P• ...,..", ..
iMpa et leawa ce1&ldtil_ 'be ... 111'04 d.lnot17 in. aila.ri bJ
-1D& •• ,1'14. 'lhla .clud4- al... tulUt .... tba Uu1Dc .t le.....
or stem sections and was much quicker end easier than using
Cameralucida.
This present chapter is chiefly concerned with the ",olution
ot a sampling technique as a buis tor the examination ot Tariabil1 ty
ot branch leaf size in S. ouspida.tum. A study was madeor branch
leaf size in a sample showing no marked T8rietal character. obtained
tran a non-subnerged mixed Sphagnum communityin a bla..nket bog near
Bethesda. CaernarTonahire.
The branches borne on a ~ pl811t are or lim! ted growth and
as the munber of 1e.....e. per branch is more er less constant throughout
a plant the branch reaches maturity when 1t i 8 tully elongated, that
ls when the youngest (distal) leaTes are separated b.Y internode ••
The leaYes mature very early, no growth taldng place a1'ter branch
elongation has ceaaed. Various stage. ot elongation ot branches can
be seen in the caDal tuft, and. usually, all brAnches apPear to be
tully extended at about the time they become .eparAted fran the coma
by elcmga.tion ot the main at.. EYidenoe in supptrt ot this was
obtained qy selecting a ata, A. trail the MlDple, and remoTing the
longest di ...ergent l:ranch frOID each ot the tir.t ten tucicles
numbered trail the bue of the ocea dowmrarda. Each lranch WIUI
cut in halt at the m1et-point by length end all the leaTe. were
dis.ected in order tran bue to epex. Eranch lengths, numberot
lea ..... and l'IJIIber and length of the longest leaf are given in Table 1.
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As none of these parameters increased with distance ~om the can..
all "separated" fascicles were considered to be mature. (In
later investigations occasional stems occurred in which sane
"separated" [ranches were obYiously net fully extended. each having
a ocmpact "bldtt ot le.ycs at the distal end: these tranche. were
neTer inoluded in 8. sample u.e<! fot.' Ieat' meuurement.)
The pattern ot variation 1n leat ~ze and shape
Leaye- are of 11m!ted growth. and length and width vary along a
branch. though not at the same rate. 80 that ch&.nge. in shape reaul t.
The proximal leaTe. are ahort end wide. the median leayes are longer
while the terminal ones are shorter and MrrOW'M'" (Fig. 1). Another
atem. B. trCIII the same .ample ..... treated in the aame '*'Y. as A •
•0 that oomplete leat ,.spectra" were obtained tor a total ot 20
'tranche.. 'I'he leaTe8 were then aanp1ed b.7 ditferent methoda to
find the region ot the branch giTina the leut TU'iability within
Pcnr lIlethods were uaec!J-
(1) Iv 1.aTe. per branch about the md.-point l:ty length l»r,)
(il) .. " .. " .. the Ida,..polnt l:ty mmber (lIN)
(iii) ,. " .. " at a fixed point f'rom the bue
(leaTe. raJIIlber) ~ -~9 (:F• .E-. )
(iT) n " " .... 1ectec1 by randall runber. IR)
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This last method was included tor the sake ot completeness although
it was obvious that it would giye a. high variance as acme smaller
basal and terminal leayes would be 1.ncluded in the sample•
.All the leaves were measured NI tollt:"lW8:-
(i) Length (L )
(ii) Greatest width (lI) at
(iii) Height aboTe bu. <L)
For stem B , l'ooling the data. ti-0I1l the t1rst three sampling
\
;\,
methods, which usually cwerlappec! to ~ extent, the tollowing
results ..ere obtained.
Mean-
w
,
0. ~5 - 0.6.5 ($8,( betw~n u.5 and 0.6)
I
0. ~ - 0.6 .~(~'" between 0. 4 and 0.5)1., - 2.6
..
Thus the c1imenaionaWand LB baTe a low varia.b11i ty and he:-.ce 8l\Y
varia.bill ty in the proportions L/JI er L/L is ueually a ren.eetion
B
ot differences in Le It was then cleoicled to irwestigate
,
statistically the variability ot L uaing all tour methoda ot sMJpling.
An analysis ot variance wu carried out on the data tor the two .t .. ,
thus tor each method there were 2VOobservations.
In all methocla, the gaoea.t.st variance .... clue to c!itterences
between .teu, rather than between 'tranche. ot ODe at.. or between
leaTe. ot a lraftOh. '!'he gnateat total ...arianee .... obtained qy
ran4ca .. lection. (v • 0.274), and. the leut total variance by
selectin:.T, leaves C'l'bc'-lt t"e mid-"OOint lzy lel'l.l2:th.(V = (i.o4J.).
cielecting leaves about MNalse gave a low value for V ( V = C.052)
bu t as 1t is triI.lcheasier to f':L1dIl
L
,-th~n to find m • the former
N
nethi'JC ef selection r.as u!co-:;ed.
t'lext ana.l..vses of' variAnce were nerformed for the two stems" te..ldng
(1) 'bro leaves about ilL f):oom each branch.
(ii) one Ieat' inJ!'lediatelY abaft ~ ,
and (iii) one Ieat' i.n'J1ledi~tely helow 1(, •
L
The results su5.a:~ste1 that n~t Rl..tcheceu.r·"CY'lVould be lost by reducing
't'~_(.le 2 ~h')W's the -neana obtained by
talct.n,~ 1 to 1(; leaTes per br8nch frQ:.-, each et the 20 }ranches. The
odd n ~be:re 01' leGTP-S gavtJ t\\C ~nplt1a with dlfferent .means as the
"odd" lesf could be tli.'c:eng,00'V'~or oelmv S •..., I'he mean tor 2t{; leo.TeI5
ia the same as that for 2U leaves which SU~st8 that 2 leavc3 per
•.!..~~ T'lJ .1~_D!J!flI.ll11bers ot lrMchea and
stem. ner sample were then det-er:rd:led.
Br'9nches--
leaves" 2 leaT()s a'bot:t ~ bein~ tc:..lr'm fro;u 1 to 10 tranches f'room each
oN.c·.llation of tIlE. mee:~ t!16rt:1 'Will; a t:1igh-1; rise in mean length and
then a gzoe.duel. fall. Five mare st~9 were selected and 2 leave. about
'. rl!moyed frC'Ill one lrAnCh of' eTery tewecicle numbered frau the ccm..-r,
&",ainst n.lllber et' br9't"ch ;~hC'll'a similar ril!e nnd decHne as distance
fram the coma increases. ~.nd in the longest stem, with U fascicl~s.
er.. i£lCre81>ein 1\9a1'l~ngth 'WU shown i.n the olde!;t fe.scicles. This
'31...gg")~ts a p~riod1c v&ri3.tlo:1 tn length of COlrrparabl(Jlea..ves. rut at
this st~ it is im!:>oss:tbleto tell ltbether the period.:1ci ty :f.s
internal or a. result of f'luctuation in ellT.lronnental condJt:f.ons.
!t was 0brtouJ: thr..t 8. rar¥!an method of 8elect1.ng lra.>1chesDIlllt be
adopted and this W8.8done fer all but stems A and .H. which only had
ten f&8ci~les e8c}~ rha d&h, olJts1 f1cd f'u,::, esch stem tra&! a gample ot
thifll f'lsrnpl.eai.El' (2(. to ~\' leflyec) 8~EJfn r.;~ancwere ditrerent.
e. g. 10 branches dtem D. Ii::: 2.}5 Jll'l'. -titem G • I, • 2. 72 II'IIle
It Wr..l: c.yr.lU'cnt tret 'lt !'.crf' tha.rl one stt:dAwere to be incl.uded in
the semnle, tbo range ot let'.t Len..jth ·l:"'JJ1·~be grenter and .. it would
include· the variation duo to tranches of a single stem. it should be
random \ranches measured. lV~.:·~s l'Ol' 1:..", le atem. a.t three leyola
(~, 10 or 1, lranche. per ateel) are ~ven in Table 4-
:,.:ve18, 11ttlfJ yari ..ti.on occurred at'ter 1'1ve "teme were Inclua.ed, all
At all three
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Thua the final semple size was fixed as , at .. , 5 branches per
stem. 2 leayes per 'trench about »r,. A. a check on thi.. the
means tor 1 to 10"'~ selected 'tranchea tor tiye stema were
plotted. against nunber ot 'tranche.. Pig. ~ ahoIrs that the range
ot nriation beyond the r; 'trench lenl did not exceed 0.1 DIRe. and
trus the sample i. ~te.
The eYOlutlon ot thia technique has been deseri bed in detail
beceu.e ot the impcrtance ot using a. .tan4ard1aed method in
inTeatiga.tiona ot this .art. Altho.lgh it ..... worked out on
Se cuapi4atum. it W'8.8 later tound. to be u.. tul tor inftsUga.ting
S. J?!!lcbrua and s.recur'ftllle In theae specie. 1t 1rU PO•• ibl..
to r.duce the semple ai .. because ot the smaller Yariabil1 ty in
1.D&thshown b.Y' the 1......... hit in almoat all cuea, the m:l.n1J11JJ1l
l'lUIlberot atems examined "... " and al...ays two lean. were selected
f'rca ~. .Actually in acme iDYe.t1ga.tiona ~ s.cuspi4atum the
nuaber ot 'tranche. per at_ ".. reduced. to two or one, partly
becau.e ot the large rumber ot specimen. to be examined in a ahort
time, but also because in canpari80na between sample., no a4Yantage
1. attaohecl to taking large ausples when ..all .ample•• haIr no
aignificant titter.noe ..
Consideration of the use ot this technique tor the illYestigation
ot §,cuapidatum will be deterred until the relationship ot this
species with s.recurYUDli8 examined in Chapter 6. rhe methocl
used tor uHssing the Yalue ot qual! tatiYe characters in this
species complex wu fir.t uaecl in an innatigation ot s.recurwm
and Se :fW.chru!. and 80 the next Chapter ID.lst deal with the•
relationahip ot these two l .. t JD8ntioned specie ..
CHAPTER 4
t'be relationahip between S.recurYWD .!!!! S.tW,chrum
(i) Systematios
The ttrst mention ot S.re~ Tar. p.Ucl'rum seems to haTe been
made b.r lraithlraite (1880. p.8l). This author giTes Lindberg ..
euthori ty ter Tar. pllchrum 'bat doe. not reter to the nlace or date
ot Lindberg's original. description. iraithnite does. banTer.
gi.e .. reference under S.reourwm F.BeStlT. to a paper ot Lindberg's
published in 1~2 in which the present anther baa tailed to find
UV' reterence to Se reourTUa Tar. p.Hchrwra. Until a detailed.
i1'lYe.tip.tian or all Lin4berg' a p.lblioa.tiona baa been me4e it m.t
be .. aumea that LiD4_. 4eaori bed Tar. pulchrwD to Br'ai thn1 te 1n
oarr.~. and that the latter .... tlus the firat to publiah
a de.cription ot thi. nrt.ty.
Moat lUther. a1aoe Warnatcrt (1900) haft tollowed the latter in
&OOOI'ting .peo1.t1c rut to the ftJ'i.V 2B-cbrua. Tnua Andren
(191' a). dharria (192'1> and ~ recently a... (1948) baTe
distingulabe4 tbe two 8J)eOl •• !tNClUrNll P. HeSUT. and S.p.tlahrwla
(UD4b.) Wanat. t'he writer auaests that until Lindberg's original
4e8OripUCID t. tiaoo,.'ed. this aboul4 be ameDded to S.pilohrua
(UD!bt ex ... atttar.).ernst. Dlzon tittered tl-cIIl the IUtbcrS
mentioMClabon in that he ..uWM4 §epaloma .. a Tanev '
24.
ot S.intermedium Hoff'm. even in the third edt tion of hi8 hL'ldbook
(1~24), as in the fir.t edition. which. ot oourse, preceded Warnstorfl.
major .ark (l~ll).
A ccmparati ye aurYeY' baa been -.de at the characters und 'ttY
ditferent author. in the aeperation o~ the.e taxa. As alight
difference. ot phraseology or emphasia can alter the meaning ot
41aanostio descriptions, it waa dec14e4 to .et out tully the result.
at thia surny u taMation would lea4 to 10.a ot accuracy though
generalisation.
Wuoutort (1911, p.1AO) aeperate. the apeo1es in the key on one
character. tbu. (tranalate4) 1-
1. }(yaline cell. on the inner aurteoe ot the lranch lean.
coaleacing tar 8CIDfit di.tanoe along adjacent wall •• • • •
Se p.1l.chI'um (arad. Se torr!l!l!J!)
2. llraliDe cell. on the inner aurtace at the lraDCh
l.ay.. DOtcoal •• cine aloq adjacent wall. • ••• • •
it recunua (8114 le riparici4e.)
Both specie. an deacribecl aB baTing the cblaropb.yllou8 cell.
IUperticiall3' enclo..a on the i.... aide at the lower baIt at the leat.
The a•• aripUona or the two apecd. •• Qv WU"ft8tolrtan 010_17
toll.Gn4 1r Sblrrrin (1~27), who. bow.,... u... alightly tif"terent
charaoter.-
1. "OOCl"O,PllJUo.. 0811. halt the hei&bt at the lv'aline 0811.
ani ccmpletel,y enoloHCl Oft the upper .urtaoe o~ the branch
leaf'J leaTes 5-ranked",
and in the description.
"l\Yal.lne O8lls on the upper surface ot the leat coalescing tor some
distance along adjacent walls" • • • • S.p.tlc.trwn •
2. "ChlO1"~llose cells nearly the 8Ule height .. the
l\Yaline O811s and not 80 ocmpletely enclosed on the
UP'PfR" leat surface, leaTes not 5-ranked."
aDd in the a.scrlption.
"on tM upper 81.11"taceof the l.ar _ .. __ the l\Yaline cella - - -
ar. not urd. ted tor 8I\Y' di.tance" • • • • S,reClUrYUlJl,
WU'DII~ reter. to tlw relati T. height. ot l\Yaline and
chl~11ou. o.U. in hi. a..aription ot s.1iW.~ bott no mention
i• ..a. or thia reatur. in S.N~
~ (1~l' a) alllO uses the shape and degree or exposure
ot the cblCll'~cu. oell.. as the Min 41agneatic teature. but
expre... UIe titr.eDOe in tb1s wa.YI-
1. "CblQl'OPl\yU cell. 180Iloel•• - triangular in Mction.
the apu: or the triaD&le NaChiDg the iDne!' surtace or
the leat •••• s.reounua ".
2. "Cbl<a"OlPl\YUoeU. eqt.dl ..teral-tr1angular iD .. ction.
the apex or the trianal • .,t reachina the inaer lIUl"tace
or tile led • • • • fl.J!1lchrtDa".
In the recent by ot Proctor (1955), a more precise detini tion
hu been obtained 'ttY caabina.tion or Andrews' and Sherrin's
descriptions, lut some confusion still exist ..•
(In the extract. quoted below, the lines wi thin 1:racketa are taken
trail Proctor'. original maruacript ot hi. lX1bl.iahed by).
Thu. "green oen. equilateral-tr1anqular in section, conpletely
encloeed on the conoaYeaide by the h,yaline cell. (which are partly
fused with each other)" indicate. S.pulchrwa, while "gI"eencell.
i.oacel ... triangulu- in .ection. ju.t enclosed on the conc&Teaide
ot the leaf' ('t&r the hyaline cella which meet 'bat do DOt tuse)"
1. cUagno.tic ot S.recurYUllle The present wr1 ter sugge.t. that
it 1• .ubjeotiTe it DOt impouibl.e to c1i.tinguiah between "ju.t
encloaecl" anIl "CCIIIIpletely eDC1.oaed" cell., and to decide whencell.
Upon consideration ot the Magno... ot theae tour author., a
further .aurae ot .. b1gu1. ty beocM. apparent. Proctor an4 SMrrin
i~ that the t\ta1on of adjacent b.TaUlW cell-wall. i. in a plane
at r1&ht anale. to the leat 1IJrt.. , 1... as seen 11ltr~ ..
oblc:aooptv'llw. cell reach1nc the inner lUl"tace er not, i... apia
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Sectional and surface Yiewa of various relatiTe positions ot
turallne and chlorophyllous cell. ere shown dia.gramnat1cally in l'ig. 4.
Senuation ot the two species on the buill ot this character will very
according to whether leave a are examined in surtace or sectional Tiew.
The tollowing table shows the claasitica.t1on ot the examples using the
keys cutlined above.
Sepulcbrwll Se recurYUlll
warnatort c (e. f,g)
Sherrill
.ArXlrns
Procter
.. b. <ct..)
d..,t
d.e,t
a..,t
The final. diaanoa1s would of ccur .. rest on a oanb1naUon of
character8, b.1t it is obrious that IUch uab:l.guity lUst haTe led to
contua:lon and uncertainty in identification. and. theretore an
1l1ft.Ugation of the Taria.blll ty aDd value ot these characters wu
1mpera.tift.
Cl-. (1948), whos. work 1s 1n the t01"ll ot a. cl.tailed key, doea not-
mention the oblorophyllous cells ot these IIP8cies, lilt separates tt.l
1n this way (tranalatec1) 1-
&Dd. JDO.tl,y witbc:lu t t1lrils • • •• Se reCl.ln\8le
IIOStl,y wi ttl t1lrils • • • • s,pUchrum.
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NowWarnat<rt and Andrews mention the riTe-ranked trench leaYe. ot
Sepulchru!!, rut they both d.scribe the stem leaTea ot this sp.cie ...
being triangular and usually without ri l:ril.. Pi'trillo.e, lingulat.
to triansular stem leaTea are in tact more characteristic ot S.balticum,
which ia next to S.pUohrum in GNu' 1~48 key (and incidentally', in
Andrew.') and ia separated traa B.pul.chrwD ~ Gems on the buia ot
the lranch leaT.. being 8D8ller, spirally arranged end •• c:und. In
any cue, the cli.... eement auggesta that tbler. i. uncertainty .. to
the ranae ot T.riabili t;y ot thia oharacter, and hence it. Magnoatic
TalU. ia w.pect.
In hi. 1~'7 key, aeu 4eacribe. both taxa a. hanna triangul .
non-ti brillo ... t_ 1.. .,... (except Se recurwa asp. .. cronat\.a Ru )
aa4 aepG"at.. tha as tell ow. (vllnSlated).-
1. a-anohe. with '_ranbd 1.aft.. BNnch 1•...,...
l:ro~ lanoeolat. chlaropl\fll oell. triangular, no'
r_chine the inner surtace. st_ lrawn 11'1.til a.4
la,yere4 ocrtez • • • • •• Se ]?!1l.ohrutI.
2. a-ancbe. with spiral 1....,.... !ranch 1....,... n.arrGW
laDOeOlate. stea Cl... witil ar without partly
Mtterentia:te4 oortex • • • • •• s,recur"f'UII.
ProctO!" _ntioraa the shape of 1reACh 1.aft8 as anothel- diagnostio
teatu.re. In S. pulobrua the.. er. brodly on.t.. lanaeolate with an
amouptJ..yl.pointeclapex, ana in !trecu.nua they .... narrowly OTat ..
lanceolate t&perlne .. _ ...Uy tonr4a tbe apex. Thi. character,
which 1s alsO mentioned 'ttY Warn8tort am. Andrews, aeana to be uaeful.
The alruptly DlJ.CI'Onateapex shown by lranch leaves 1n s.rul.chrum
1a 81ao present 1n the .tem leaTe" thia latter feature, together with
the presence ot tilr1la, bei~ used by 13rai tmrei te (lASO) and Dixon
(1~24) as thft main dj.stinction between !!_recurYUm and it. variety ellcnrum
A t_ other character. are li.ted ~ Sherrin and Andrews ..
peculiar to one er the other speci... Par inetance. stems ot
B.pu1cbN.! are lroIm, DOt pal... 1n S.r~ and although cort1cal
_lls in both speotes ... -.11 and tairly th1c)g..walled. only 1n the
cell.. Wholeplants O't S.pulchrum ere aa1d to be ..... otten 'trom
in oolour than s.recunua • Broanch1• ...,... et both specie. are undulate
when d%'y. thollgb &recurwm ahara leaves with reCUl"Yedor apl"ea41ng,
rat.Mr 'than i.JIlricate. tip.. The bord.. ot the 'tranch leaTea is
~ .. Us ride 1n S.pulcl1r\a and 2-4 1n 8.rect.1J'Wa • Retort cella ot
lranohes ot S.pulchl"ua haft .... "conspicuous" necJca than 1n the other
apeol...
state.ents at Sherrin and ~s on the diatri button ot perea OD
tbe 1...... f4 .,preadfna 1:ranohe. can be sUDIII"l'i~ in a table.
Table 5. p'l.nl'ibut1on (Jf peru in b;r;al1ne odla ot braDGhleaYH
!!: S.reoUl"VUll !!!2. S.pulollZ'Um, .. given bz Sherr1n and AnclNn
Mmel" .urtaoe of le&t outer aurfaoe ot lHt
Encla ot cella Side. g1ea ~ Sidea ~
Sherrin ) + 01'- - + 01'- + (u) + + (u)AndZ"eWf.') S • NCUZ"'IUI!l - + + + + (u) + (u)
Sherrin ) - - + (u) ... + (u) + (u)l~~Jrewa )f:l.pul~ + - + (u) +(u)
Prootor .imply states ~h8.t for both. speci •• "the.&."" are fluuero'.. large
It :i.a appannt thai MY Cliffereuces in nu.miJaror diBtribu:tion of polM
aa4 if auah -.u tittU'8l1oe. are to be UN<! ti8($D08't1cal.l1, there _ulcl
ha". .. be ":1'3 e:aot definition ot leaf areu to be OOI!1pared, IDd the
.v91vU.on ~t a at&ndsrO.ised nmp1inS techn1tue would be vsry d.1tt1oult.
li.viDe .bira:1.r* a .lin of po.lible dlae;noll1;lot...-tUft. tor tJ:leM
--. 1t ... ~ -Go find. out tile IWlP .t ftriability et MOh ad
beaoe to ftd.enn. the liId.t. w1thJ.n 1Ib1oh tb.eJ oould be -.cl to elen-
a panlou1ar -.n. A poci idea of the rtmge of a.v character o.a
be piMcl tfta u.,gjnatMn of herbariwa apeoi.ana, wW.ob., thoVlh
~., d8 DO" ·i1tU'ie • random .-JUt at l.Hn 1nolude apeo~ hoa
ditfeftD"t an., MIl tNII clUf __ t .. lleotol'll, WhO pMl8&bq cU.d. _t
aeJ..ecn .... l.ea ~ ... ohaftO't_ rather thaa IUJOther.1ift ..
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cle'Ml'II1ni. whioh ahanot ... 1'Ua1Ded aeut&Dt tlm)1_.~ a 1IpeOu.,
li w1l1d 'be uo••• &rJ t. ten their variabWtl b7 oultlvaUac •..,1_
UD4e~ a nap .t aoadltleu.
he. aD .xMi.. t1on .t ...,enl .... _u tn. Br1t1ah leoal1t1e.
rna the hel"baI'1_ .t pat.uol' P.W. Mohal'd., it ....... ."and
thn the t.. 8pe01e. an ftZ'J oleH17 Nla1i_. III ,&11;10111&1',til.
decrH et upeaun ot tba oIllenplqlleu _11 .... -.4 te 'be a -1'1
__ "&in oharaat.r, .. ..., .pea1Mu __ 4 a nnae of oCNldlt1aa
111a .iDe'" leat HOt1a efta.5). Shape.t bnnah le,". wu al..
uaaatl.taat.l'1, .. all .,.os.-u .... ~ t. haft _" .~ leaa ".1'1Dc
lea.,.., ad .1II1lulJ lt ... 41tl1n1t .... olde 1Ibeth.1'th.... _na
... wU .1' ,..1'17 41tt.nm1&te4 ..,.a1&14 .. ttl1. t.aWN .n..
YUiH rith1a a a1.Dcl •• tea INtuae III tut, tbe aaJel"1v .t .....
.,..s..u 1Ih1ab hy 'bea Ut.l'IIbM " •• h &lRbel"1tiea.. W. I. Shenia
A. 'ft1eII.f-. I. M.Loltlq ... 11.1. u.o., "ut ..at .. tllt_teriq
be Jle0e4 la a .blle t__ 1Ibiah ...u uhtbl" • w14e nap .t
~iDeu ftriau. iD..n et It. ohanet....
1 .,..t.a ., S.ple ... lmS ••• " 1I.0.P.hecate. tna tu
ftC---s..a ..,1ez of 'lnp•• bea, (Qe4wia aacl ~, I",) •••••,l
... r1,tltM .t ti. 1p.1e8 tbaa IIB7 .t '\h. prev1eu1.7 .........
pb~. PIa W... n1i1eu iD luutert'. witt (1911), ..
..Ut..... Sa b~ leat Iba,. 1ft the .. apeol.......... 'be "'1
wU _*... .le .. zoe ... a ,. .. UtWt, '\hat 1.., ..,. .. 1114M
........... 1t .. lftq, 1t ... Molded .. 1n..n1pte th1e t••t..
... Nl¥.
(ti) The qwmtitative upre .. 1on of leat lib.
A .Il.IA.turedivergent 'bran'Jh •••• eleoted from the Tng&rOD material., au.
the leave. WeN du.ect.d from, 110in order, and the resultant leat
lI})8otrum..... th4l1'l compandwith & .unllar ~t1'UDl prepared boa a aap»
of S.recurYUII froll Sanford, Florida (4d. A. lAtRolAndrewa) ex Hub.
I'.'J. Richarti.. Th. range. or leaf length and range. or width at the
widHt point ...-d to oo.i.ncide, but then .... <11a'tino1: differeDOe
in shape, 1Iid.ch ".lIIiJ'.1 to reault fl'oa the gradual tapering or S.~UI"YUII
leave. from a point about one third. the leng"'...hhom the hue. 1IhJ.1e
S.fulohru1l leaft8 wr. IIIOre oval. (~. 6).
To f1ftd the beat .thocl ot e%pftll8ing thia 1Ih.. difference
quantitatively ,8 gather1nge ident1f'1ed .. S.pulchrttm or S.HOUl'Y_
wen exam1Ded. Mori ot these WI... Jirit1ah apeo1mena. f'z'om the hezob&:r1a
of P1"ot.. aor R1ohard8 uci the Un1ftl"lJity Col~. of Nonll "alea. Two
gath.erinp hom Tregaren beg were 1noludecl. A tuiok I'nl1a1nU'7
aurY87 made by .. leot1ng ODa branch f1'Olll each .o~ aDd ~
the le...... about -m. »dd-POw 1)1 .l.8Zlith ~ (;t'. 3.oUllp1d.at1a
."IplLoa technique p.17). Althoutsilthe .... 1. ne th1l8 '"1'1 ..u
1t ... t11~" that • quantltatlft nha.ra.ftR which 1fU 'to be ot arq
tuoDom1o .1p1f1ot.nCJe lIboul4 mow 4~1nwn. variation eftIl at
thia '1Ii'JJf1e IJUe, .. pr..... bq oaq fto taxa _N in •__ :lon. ID4
the a_. it... • II'MMI'. poplIl,aion ranee 18 oovwecl b,J ''''king III1&ll
rather 10haD l,uop .·.,lea
The tollowing tour meuur.aenta were made rar each le&1'l-
length (L)
maxiDlUill ridth (W) at height abaTe base (h)
width or,) at one third the length fJoomtho apex.
'.ftle tollaring percentages were calculated,-
! 100
L
w
and -T. 100 (mea.n fer branch1.e. specimen)
It a histogram 18 C01'18truCted IIlxwing trequency ot occurrence ot _an
nlue. tor these ratios. +.he diatzo!bttion ~.nboth eases i. discont!mous,
alt~ the di8contfnuit"J is mere o.pperent tor ~
L (fig. n.
Then trOlll the original cc:aplete leat spectra. ten leaTe8 about "'L
were measured and ? lCC Oalculated tor each led. Within each
lranch ,two .§e p.tlobrum .x.Y, and eM S. recurvtD Re) the yaluea tor air.
~ lea ....8 about »x. .... 8UIIIe4 and 8.nrage4 and the t1nal. meanatrca
two to ten 1..... oc.pere4 (Table~).
:rrc. these t1gur •• it appear. that a1x lea ....8 about"l. IIlst be UMd.
in o.loulation ot the meaD. HorIeTer by irlCl"eaa1ng the rumbel" of
tf:l OM stela (y), !MAn TalU •• tor ~ 100
L
, lrancbu peI'.tea ( 2 lelllr.
( 4 l.,Imt.
, 'l./lr.
were .. tollona-
It WAa seen traa inspection ot Talue. tor atems X and y that Tariation
between stems ot a tuft was greater than between leaYea ot a single ate..
per atem. , at_ (~ le.Tes). (The edT.\s8.b:tltty ot tlildng tift at ...
was confirmed on enmin.1..ngthe 8a.~lea, some of wh.1..ch aholred great
yariabdllty between stems).
The next stage in the separation ot the two taxa. illY01Te4 the
ftDmination ot all anilable specimens using this eamr>ling 'techn:1que.
All ~mena deter'llinecl as 8.pUchNa were aampled (total 42) together
with 19 epecime_ et S.reOUl"'f'Wa including ~ a&II'Jille8 of each named
rec1uoed to 40. ~ 20 er ft'8D 10 le .....
In tlre. 1IP8CiM-. ra.n4ca _lecUon ot 'tranchea led to the incluai OIl
the shape ~ antberidiel. l_yea tift fl-cIIl lIOJIoaantberidial leaft. in
suoba w,y that the ratio ~ ia i (Pig. 8). .Antheritial
lranohu ,... tMi'etcre _kLec1le4 ill ealoulatiq ti.nal aapl. _.".. 'tu,
Table Se 2<;mParison ot meana 01'~ • 100 in three !!P!Ci:mens ot
L
s.recunum with and without the inclusion ot antheridial le8.n.___..._ __::..;;..;.0.;-'-
No. of. leana Range ot ~
W~,,'
Mean ot WJ:..-" .100
L
"12 .!' ;0 ~? 4 - 6.0 'c.."6.7
12 non ;r ~4 ~.1- 6.0 24.4- ----_._-----_ ..._ ...._-1, cJ1f ;0 ~.4 - 6.; 21.6
1; non d'" ~ ~. 4 - 6.; 21.,
. --
56 r?' ,0 2.4 - 5.0 29.8
56nond" 28 ~.4 - ,.0 2,.6
.. ._---
'1he diatr1lutiollB or meannluea tor ~ • 100 are g1Ten .eparatelY tor
L
the Wi'o taxa in ft,. 9. !h., c11atrib.ltion tor S.p.tlchrum ia d1aoont1Juoua.
peab oocurrina at roughly ~ end. ,~, where.. S.reCUM'WDahon oontiral0U8
the two taxa are cc:abf.ned. thwe aPe atill two peaks, at 2~ and ,,. •
. tht.. augena that ~na of !!...'DUlcl~ wi th &. moan below 2.".
(afternr4a ret.....a w as ·tal.. a.wlchrula") tall naturall.Y into the
S. recurY\a IPou.p, l .. :rjD,l a ..u. FouP with mean aboft ~ .. S.p.t1cm-u..
TheN ... two .-pl.a with ... of • - 2j'1" i ... talllna betwMll the
two Il"ou.pa. Aa ODe Ra labelled S..J?Ulchlul and one s.re~ ana only
S,pa1cbN1 baa beea tC1W14 to be he"erogueoua, both the.. int.....u...tea
...... i_1114_ 1D the 8!,NCUrWa ~ as it i ..... l1latly that both
ahau14 belona .... ra.~ tba 'both 'bel01'Jg to s. pulcbrta IMtU8e atrict.
This sceewhat arb! tzoary c1i:rision is inev1 table when onl,y one
character is considered. l::u.t for the lllaDent. all samples were pla.ced
in one ot two gt"oupa.
~fean of'~ 100
L •
~
~chrwn
17 specimens
9.~------ t wi thou t 2:lntermed.1.e.tes42 specimens)
) with intermediate.
\. (44 specimens)
.An analysis o~ Yar1anoe wu done on the data. which was tirst connrted
19 specimens
plus "tal" ~ pulohrum"
25 apeoiJnena 22.1
to the ratio l! tar eue of ealculatiora.W,
St. ot Squares Degrees ot treeclara )(ean aquare
Group. A & B
SImple.
1
;~
------ .. --- ......... ~-.,-- ..•,-.- ~••• -.•, .• ,....... - .•.• _ .' .••...• _ ...... , •• ~-, '_M •• " _.,.~._ •.__ ." v,"... _. •• __'''_',
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The rellUlt ahaIm aboft iftdicatea that the gt"flatest nria::1on 1. au.
to ditter.noes betwMA the groups, yariA;lce due to ditferenoe. within II'OUP8
1... be,,"eft aBple. in .. group. o~v torming a small pert of. the total
otMIt wt.11. being indi.ri4uall.Y rel.tiYel.Y banoneneou ..
'1'0 obktn further n14eaoe on thi. point- the ftrienoe. O't the ozoig1.nal.
tlINe .,oupa ot Uipl.. - s.pUohru!, "tal.. Sepul*"-" and s.recu:m. _
were worked cut separately. Then tor each D8ir ot gt-oupa, .. .:. teat
was carrled rut to determine whether the difference between meanawu
significant. (AIring to the t'act the.t a t test is t'oundedon the null-
bynotheaia. a 11On-a1gn1:t'1ca.nt reaul t does DOt necessarily me.n that the
me,.y do so.
The SaIM test wa.s also applied to the two gl'oupa A and B. the la.tter
formed by pooling the original c1a.t .. from "talse !-~~ and SereOUl"fWL
The results are abcMn belOlr.
'!'able 9. ~obabUit1e. ~ .teticant_~~erence._ ot u.ana ~
L/"bY t. ~
-l
Grou 81ft'erence ot Keena Probe b1U tT.-;;;, ................-----_.__ ._ ----.-- ...--....---.~......,---.
1. Se pulchrum 2.8, - 4. ~2
and If telae S.l'Ulohrwafl • 1. 47 ~O.OOl
----_._._-_._--- -----_._----
1------_._-- -- ._------.-----
• ( 0.001
,. !!t!.!~~ and
"tal_ S.];Ul~
4. GrouptJ A <9: B
0.001
------.- ..--.._ ._---_---
The ~test 1. a yery aena1tln method of' indicating real.
41tterences between meana and theref'ore it i8 hardly aurpr1s1ng that
the .all ditf'ereDDe between !Deana ot "tal.. Se p1l.chrum" and
s.recurwm ~14 be significant, but ea the level ot probability
tor this cc.panaon is 80 II1ch higher than tar the oth.. threes 0. 02
~e4 with 0.0011 it wu oonaiderecl to be nonaigniticant. Thua
tM tinal ... eument ot the position i. that Se p.ll.chrwn ls a. gaooup
distinct both tJoaD "tal.. S.pulobawi' and from S.reCl1l"YUltl but th...
lut two -.,y ar -.v not beloeg to the ... pop.alatlcm.
Purther eri.4ence tar this l\Tpotbesi. i. turrd.ahed ~ calculating
the population ranps til the thNe 8l"OUP"
HOlt'hJr a. nors.l as.str11:ut1on. t • (i - x) , which is aIV'
8
4eYia.tiOD.... uec11n units ot tbe staDbz04 4niation (whoae yalue
of ti.~ lIuUon ot !- k.naw1Dg tbe maber of 01l•• I ...t1cna uaed 1.
ulculatiDC • u4 _DOe thl .. _ of' 4811'••• of tMe4c-. 1t is
poaible to ftDll the pI'Obabll1V et oocurrenoe of' a 4eYiation ot ..,
ai...... ue4 in teru ot S 1. e. lS, aa, eto. !'or the thrM
JI"OIlP ...... oonaideNd. there 1. a 1 1n 20 oha.noe (~ leftl. ot p)
ot .. tUnc a Yar1aw (.-pl.• ..an) witil a 4..nation ..... t_ than
2.18, u4 a 1In 100 ohanae (~ 1eftl. of' p) ot .. tting a yal'iate
wittl Ur1at1on ... ater tbua 2.,..
(Talue ot ! tor 16, 18 .. 24 D.P. ls abcut tile ... at 0.0, and at
0.Ollnel or p).
Tb_ ,~ .t tu pepulatlell la .Mb. '-lIp 1111111. ,,1ih1n tho 11a1t. .t
__ to 2.18. !iewvw,u the _aD .t MOh al"Ou;p 1. d.riftd tn. uq
a m.. 1e "" .t ...,1M, ... n8D4aft .nor .t the t alM be
t__ tn_ .u14el"aU,_. Aa beto,.., true _aD .t pepul_t.n hU
~ a 1 1D 100 abMOO .t l¥1II& "1tbo~ tbo 11111". (oaloula~") __
!. I., S.:I.
!be oalc\llatocl IWI&M fer tho thl'M peup. an a1vc in Table lO
IIMl an ... ~1o.1q in Fie. 10. When ··lIi.. l'UlCU
an oespue4 (fta. lOA) (--!. ,S.i • .t.") tho)' an MeA to
.ftrlap eene1cluabll. a..... r. 1t _ul4 havo bHa .n IlUrpr1a1JlC
it the7 cU.4 Mt. u tho tau ... lIlA 1;bc ha.. 'bMa _ <lJ.t1aot
.......... haft be.a iD , • .u.n. rna b na:n .f 1h18 laftn!c-iea
1t hu MD .bri.eu '\hat tbe tua .... 1'Md •• nrq 01... 11 l'01&t _
_. tM ..,. ..• t tb1a .. tUJ.ecl .tlMQ' au Doe _ ci.s.ai.De An tu'
1M,_nlnlg olwacn_ or leat • .,. 0_ Do __ dS... n1oa1lJ.
It ............. Mcl that tide t...... alae aheuld. lie uocl la ,l_s...
a .,.os... ill • panin1R pe•• IIq -" til_ ffIq .tA .. a1DCle
Oft:Mria ill nttlos-t to. 1 1fto.tlea Sa 8)lOIl a eeIIplu .....
~ u. YU'laUea io the n1e. lIeariJtc
:la __ taaue , ~, 1IIllcIh aft tuad ... Dal ill thie ...• t
WIll, 1t _1IlA __ ,_bft t. tiNul 1h1o pal't1e1llu' t ....
_ ... tile ~_ JOJ1Ila1ea OVOl'lap, iJ lIMt...
(19'" :la bla ..... loaf oUt _, la llMi!!b!!i- !d.o••••
On turther oaamination ot rtg. 10 (A) and (B) the latter ot whtoh
ahOn range. ot 95% ot the populationa. it ia obvious that the range
ot"talae S.pul.ohrua" tall. completely within that ot S.reCUl"YUJD •
The range. ot their _~ alllO oyerlap whereu the range ot mean. in
S.p.1l.chruIIl lie. well outaide tho .. ot the other two gt'CAlp.. Tma
there i. autticient justification tor the CCIIIlbinationot these two
gl"oupa as betore to tOl'JllGrOU'J" :s. tar whioh the po'}:'Ulation range i.
ginn in Pig. 10 (C), and Aa the 2 S leYel (9,c) i. considered to
gift a auttic1entl,y large range tor the :{resent prpoae, 80 the range
ot _ana oan be reCluQed to tba 2 S.E leYel (Pig. 10 (D)~.
NCJW tor Qroup A. only ODe YU1.ate out ot 40 will tall beyond
the 2 S point which li •• 1n the Group B range. 110 that tor practical
p.1l"PO.... all ..upl•• with • __ greatF than this Yalue (,.46)
can be considered to be10ac to Qrotlp Be
... Slmpl. with Mall ,.65 baa 1 in 4C ohance ot belonging to Group .l
and. 1 in 7
Tima .-pl.•• witla a _aD abon ,.46 tall into CIlroup B. and
" " " .. GralP II
a1m1larl;y, tho.. with a MU _1_ ,.14hll into Qroup" while
the int.....u.ate. .... ot c1ou.bU\al affl.rd. V. It will be noted. that
two aapl.•• criglnall.:r pl.'- in Group , (a.ctual.lJ tbs 'l'NproIl .-ple.)
haft .au fI ,.2 (Pig. ,. ~lOO. ,1 _ ,2!() that 1.. they lie la
L
the oyer1l':pping part. of the range.. rut as ~.2 1. mch nearer to
,.14 than to ,.46. it is highly probable that the .. sampl•• haTe
been oorrectly pla.ce4.
Purther m.denee on the adriaabili ty of .eparating the aampl.es
into the .. two Il'oups wu obtained 1:(y considering the remaini.nc
diagnostic character ..
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(iii) .An .... sement o~ the value ot QUalitative characters.
The beat methodot obta.iDing an objective description ot a
pert1Cl1lcocharacter, tma enabling one to .et detini te limi ts wi thin
whioh that charaDter is 4iagnostio ot a pertioular taxon. is to use
quantltat!n data. ea ... att-.pte4 in the leat aecticm. Howe'Yer,
this ls a laboriOWItau. Moe.at tating in each cue the detennina.tion
ot a IIUitable _thod ot u.pllaa beaic1e. au.beequentcollection ot
cl.. ta.. In e4dition to tbis c11A4Tanta.ge, DI8l\Y characte.. wch u
at_ colour, undulation of lranch lea ... , and degree o~ ditterentiation
ot the .t_ OOI'ta 'ftr7 in a quali tat!Ye wq and are unati ted to
quanti tati .. cl.tint tion.
Conaeq\lentl_y an object:l .. _tb04 wu eouaht wber.br the Magno.tic
'hlu. ot all character. b:l.tMrto u.ecl in aeparat:ln,g the_ Wo taxa
ecul.d be ... .-. b _thod a4Dpted .... that UMd _. Greis-SIdth
(1~'4) 1n wart on l!Pee apeale. u4 i. buec1 on the ... u.pti.on that
a parttoular .. t of obaranIra t,ypit1 •• a partiCUlar t.... W'1thi.
that too... ftNr3 lIP80iMD ma;r be expected to abow a majcr:l ty of the ••
chareot.r .. 'tut DOt .u ot tbIIa wU.l be ):resent 1n f!IYfIr'Y apeciMD.
'Iba _oc1at1on of teature. in ape~na within the taxon wiU. hoInmtr,
be r~ Tlaia tOlf .. II'CIUP ot apec1Mrul. expected JUI'" of joint
OOGJI"N". of pair. of ohu'IIIDWa OD be oaloulaW ani OOIIIIIPG"ed with
o~ ........ Sipitl...n 4eri.atiGll of obaen'e4 trc. expected
value.. i. ft. posi tiT. or negati Te usoeiation ot characters. indicate.
heterogenei ty in the awaple and implie8 the presence or more than ODe
taxon.
A li.t w.... madeot all the character. mentioned in publiehe4 key.
and ~.t ... tic cleacriptiona .... useM tor di8tinguishing g.reCllD"YlUB
ti-an ~pul~ .All an.ilable specimens ot S.]X1lchrua and 10M
of .ach naaec1 Tart.V ot B.recunua (a total ot -". a tflfl of which
.... ti-am ~Bl"i tim looali ti •• ) ..... then scared tar .ach charecter.
Thi. t1r.t .ocriAg 1t'U made ea full as poaai bl. in that character.
..... not just arke4 "present" ar "..bMDt". Indeed in moat caae.
tbl.. would _y. been ~ib1 .... gre..t .....i..tion occurrec1 between
l..teral tuaion of to'aline cell. on the Wzlal aide of lraDCh 1.........
all oonI1 tiona were ottea fCWll in a ainc1. leat (Pig. 11).
of aocr1ng onr .. pert.04 of atmral weJaa. the tollowing 8llbtirl.iona
..... tI4opt.a.-
+ obal"aater abowD by all er ... 17 all aampl •
+ " .. .... or 1... lv' mo.t ot aapl ••-
(+) .. .. ltr ... n... fir -pmoU ot eteu.
«+» .. .. ooau! OM] 1.1' in aapl..- It .. ....,. ....-el.7 ., DOt at aU•
44
Ocouionally (.!)1'18.S ueed ea intermediate between + end !
end(!) ~tween (+) and « +» •
HaT.tng __ bled ell the information in thi8 torm. it ...... neee• ...,.
to eeleet the chara.ct ... which shond • range 01' nriabiUt,y, and then
to extras. each character in two alternati Ye tOl"'lUe :rar this purpo.e,
! and (o!) were included with +. and (+), «+», and (!) with - • tor
ao.t otwoa.oter., except where the description ot the alt .. natl ....
expresa10ne implie. otherwise. A U.t ot the original ohera.oter. acore4
1. Bl"anoh le&Ye. Oftl in abape
2. " " taperiDg,... 1.UII!lul.te Detel"Jline4 by obaezofttioawith Q-ecurTed
tlpa of two er three 4:r:Y whole
It " with _CI"ODate
tipil .u. ot the apecJan.
~t l:ran... OOt'eI'lna .t.1a-aneh tuciol •• di.tant or ..._sether ObHzofttlon ot two er
I
Brancb 1........ in ft." 41.tiDOt ~tbree aoab4 whole at...
ranb
~ 1:nm (re4). ~f1II 01" g&"HIl )
Brucbea lrGna (rei) .. pal. /
It It
.. ..
,.
..
... 1.... ftlril10ee 4 er , 1..... Mlecte4 at
..__ t.rca two .te.
.... JDCIUAtecl In ....ter un4er
a 00YeI" &1....
" .... ..
" "
15. BE'anoh leans (flattened under coyer
slip) il'll'"olled at apex or base or
both
16. &anch leans 1nrol.le4 all round
lIId"g:l.n
17. Width ot 'bcrder ~ 1:ranoh leaTe.
(mmber ot b.valine cells)
la. Chloroplzy'llou. cell. ot lranch
lean8 triangular er t:l'apesoid
19. Cblaropl\yllcua 0.11. .xpoMCl on
a4axial aurtace ot l:ranoh leat
2C. ltra.1ine cella tuaed laterally on
a4ax1al aurtace ot lranch leaf'
21. st_ coria 4itterentiated trCllll
inner cell.
22. Necka of retcrt .. U. ot lruachea
.detent
4,
lk'anch leaye. .8IIIpl.e4 to/l"
measurement 0btIerTed. 1"01"
theae character.. In
specimens not sampled in
this way. about tiYe
leaye. ..lecte4 at randaa
trom about the IDiddle ot
hcrizontal 'tranche ..
Sections cut trail middle
ot a 'trench leaf' trClll ~
with razor blade u.n4er
binocular maroacope.
Pran surtace rien ot
middle part ot leat.
Section ~ .t. a tflff c.a..
belOW' cana.
Surface rl_ of l:ranch.
It " .. 4ec1c!e4 to cad.t pore .tru.oture trail thia li.t of character ... it
doe. DOt ... to 41ffer _oh in the two taxa. Uter analysis an! final.
aeparat1.on et the ape.u.na. it wml4 be po.ai bl. to eDPdne pere .tructure
wi thin the ... taxa and UN 8JV' titter.noes .. oontinIatory criteri ..
other ... .,..m. rot! _tting 1t now .. e tba.t the li.ted teature. can all
.r
in all apeat--. ani it .... rouna 1apoaai bl.. to 80DN objectin],y the
The final chara.cter. are listed heret-
Aa a-anch leaTea OYU+ er tapering -
" " undulate + or not -
" " recurved tips or not
" " mucronate or not
" " 5 - ranked whenwet or not
F. St_ leaft8 t1l:rUlo.. er not
" " acu.te + er obtuae -
" " Jalcronate Cl' not
I. a-anoh leaTU ...... inrolle4 all round + err nenr -
1.e. + includea (+)
J. BE-ancb. leat Vd ...... than 4 0.118 + er le.-
L Moat b¥al1ne oena tuncl e4uiall.y + or moat ohlClrOJll\YUcua
cella expo.ed -
0. BraDohe..,... broIm + er pal. -
I
f4 the_ t1fteen obaraoter. te%" tM ~ apeo1JleNt. the obMrYe4ma"
ot 301at OOOUI'l'eDDO. ot each pair of charactera was 4etendMd. The
Utt..... be.... 1lohMrYe4 IUD"" aDI!. ran4caa:peotation ..... taatea
tt.. aipUloaaoe • ealaul.at1Dc a ":(. cc:rrecW tor oont:l.rad.t.Y. In
maIV' ........ fit ta. fcqr ezpecW. muea tor a pa1r f4 m.ract ...
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wu les£: than tiYe. so all the probabilities were taken trom l"1.aher
&: Yates (194,. Table VIII). It should be noted here that on a random
basi.. a certain mmber ot comparisons is expected to show significance.
Thus out ot a total ot 10; ~eri 80na tested, one may be erpected to
be signiticant at the o.Ol leTal ot !)rO ba.blli ty. and.5 to be significant
at 0.05 leTel or p.
Signiticant correla.tion. bene.n characters in the first anaJ..ya1a
are giYen in Tabl. 11.
TIDa ++ Or' - ioUcates that the probabili ty i8 les8 then 1 in 100
ot the ooourr.nce by chance ot an otwer-nc! nlu. with at l.ut that
deriation trQD the .zpeoted NU ••
The large rullibe'!" ot ocrrela.tiou 1nd1cat.a the Jre.enee ot more
tban one taxoDe All chwactera except tho.. describing ahepe or at..
l~ (. ell II) ..,.,.. .... than eiaht oorrelationa at the lonr leTel or
proobahU1t.r. The tMt that Ul'J4ul .. te 1.&.. a i. poaitiTely correlated
with reourYe4 1...... wbll.. the_ two obaracter. ahoIr only negat1 ..
oarre1atioDa with other oIwracter. (wtd.ch are poaltiTelJ OOI'relat414
wi th .oh other). aIgge.ta that UJI4ulat. rect.II"'NCl le.... tog.tlwzo with
the elterna.tift (l18gatift) elq1N.siona ot the other cbaract ... aN
typical ot OM tucn. 'I'he other taxon er taxa. wruld then be
obar.eter1M4 by DOfto-wdulate~ l.a ..... plua the poatti ..
.... aa1ou ot the rema1Di. aharut.... Thi. aucgeat10ntollora
auperfto:l.al. .xad._tloa fd the r.atl.t .. which .. at D/:1ft be ..... ..a in
a .... objeoti ... arII*".
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fh. oha:rut.r .t oval brllllObl.a ... oorrelat •• with u.l ... ther
ohanoters at 'U1e h1che1' .1p1t1o .. oe left1. Th_ A+ 18 oernlate4
wiUt B- O· ( D E r I J It L III 0) + Iaoh.t the 15 .,..o.u ... tbe.
do... - ,.1rat t.r ...• t th... t.atun. P"MDt iD 1t • a wax1..
•t 1,.
"'r.tohanotenO 1 2 '."18'1011121)
.ut et 13
nuablr .t.,.ot.1a8 7 5 1, 11 12 • , , • • _ 1 , 10
1'h. d18oeDt1nu1V 18 Bet 8Ul'p1U1Ja«whe the larp JWIIbel' .t
.. rnlat1eu 111 the t.I.nt aaalpia 1. __ ldeN4. &IlCl the ... peot..
1ItiIa 11••• _ .t tu l' -araoMn _N I".IYH .. Q.n1lp X. 7!h18
GN1Ip X t........ _It' _ utUllia1llg Upit1 ... t ..... ia"uu- ba~... IIl 'Ml tan. thla .n.. lap..... 1oable .. 12 .t tM 15
ohanoten __ JIII'MD' ill all, .1' all 1nn _ .t the .,.o~. ..4 It
18 t.... ll11le ... ten t•.... o1aitlft with .. hiP _ eo.unaoe .t ••
•t tile altuut1" .,...a.- .t a .bu......
'!ha G...., X ....... 14........ M ..... tnolc1eDtq. "1'1
_11 .. ftIaeI..
!be 1'11.s.t." 8peou.. ... then ~ u4 IIb.eIIIIcl ft&bt
oel'NllniM8 ('_le 12, bel .&aa17.i8). !he eal7 .. neWt.. .s,Sft. ...
at J <0.05 a ,..1t1" __ , ad .. reaate .... le ..... ,
......... lea eaJ, ........uc _oe the 1eafta .,. eM_. It
\..u .,.u ab n Me riri~ -'ullI' .. lui.., ..
__ ~ _ a lMt wtth .......... bu • ,.Sat.
0nJ.:r toor ot the .. cue. occurred in the first analysis. three ot them
being remoTed in Group X. Hence on morphological grounds acute and
tnlu,ronate 10a"8 .v be considered as a single C~8cter. and ao the
positive correlation shown betwel."!nthese features in the second a.naly'ai.
i. not valid.
There remain senn correlations sigrdticant at 0.05 level ot
probabili t.v. As the charA.otera oval branch leavea and til:rilloae atea
lea.Tes occu.rred. in onl.v one and three specimena reapectiTeJ..y. association
ot these Cl' their 8~ternati". could not be tested ter within the gt'oup aD!
.0 the total mmibezoot cClllp8l"1sona -.de between l~ characters "... 78'
(12+ 11• --1). on a randall basis. ,. ~ ot these are expected to
be significant at 0.0, left1 of' 1>. which i. ju.t more than balt the
oouidere4 to be beteropneoua althou.8b. it WU obrivua that the gr.ate.t
There ar. two ,cups ~ auoci~tlona with no connonteature.-
(1) ReeurTecll.aft. ocrrel.ate. with n~DI1cronat. lranoh 1..... aD4
~lIIIcroaat. .t. leaves.
(11) :ruo:to1•• Mal" toptMr oorrel.ate. with n...ranbd _ ....
le ... l\Yall- oel.l. twaecl t4m.all.Y M4 ocrtu: wel.l.-41ttwrenti .....
oc;wwpeNc1 w.l til trMr in the aeoonI srouP. the :next .... .-nt of 8J)eCiDaena
1rU CG'I'ie4 cat wd.Dc the lat_. Herethe _xl •• eoan of character.
'W.. on1J tour, .. the ~ ahoIr:tDc three or ttNr' .... extracted as
Number of characters
out ot 4
Number 01' speciJDe.n8
Total ~
o 1 2 4
16 17
,
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Thera is ftC obri.ous diaoontinui ty 8.S betore rut it should be noted
that tre<fU.~ is only a rough method 01' determining the l1ne 01'
separation into two 01.... 8•• as the presence 01' a anall D.UJ1ber ot
samples torming a clu. with a peak at aa::/ three oharacter •• _y be
hidden 'tu" the "tatl" ot a larger cl.... with a t:>e8lc at. say, one
character.
Par .x-.ple. the a:t.strilution mey actuall,y be as f'011Cllr8l-
Chaztaoter .. 0 1 2 , 4
Prequenoy
Cl... a, 16 17 7 1 0
Cl... 2. 0 0 4 8 ,
with total. as before. Mml tted.l3 in a oue like this. where tbe
rea-. onrlap, the eYentual .. paretion into two 01..... would DOt be
ea 8at1s1'actc:ry u it would it there wen obr.lOWl ti..contimrl.ty in the
fir.t plaoe..
Il1bjected to a th1r4 eNllyai.. No auoc1ationa occurred in thi.
pair ot groups in turn. and analysing the combined data. Par gl"oupa
X and Y, &.nd X and Z. oval le8.Tes correl~ted with aeYerAl. other
characters. thus indicating heterogeneity. GroupsY and Z had. alreaq
been testod in the second Ma!yois.
The ~eaence ot threo grOU:!,R hae thus been established 1:ut it i.
poaalble that the lIettaration ot 8pec1mens into these ~OUp8 ia inocrrect
cbJeto tIM arb! trary lina ot d1T.1s1onba~d on number ot correlated
charectezoa IIho1m by an indirlauaJ. gathering. Aa imPlied. aboTe. there
i. 11ttle chance or a specimen '{rcperl.v belonging to grrup X or not
belonging to gt"oupX (but to either Y or Z) being wroDgl,y placecl with
r.apect to aroup X. because ot the extremely good cl.tini tion ahoIm by
tbl. ptOttp. Conftaion between Group. Y and Z i. to be e~ed as they
aPe not 80 cU..tinct trcm one another.
Aa 01'l1.Y tt:AJr char&etera were u.ed in the separation of Groups Y aDA Z.
.... th04 i. nquirecl ot ahow1Dg which of the other reatures are 41agno.tic
of e1ther grou-p. Aa each arou:P oonai.t. JIItd:nly ot one taxcm. the
di.tribution of character. within the grarp indicate. the c1iagno.t1c
r-ture. of that taxon. Thus if • a1grtU'icant ... jc:ri ty ot 8J)4tCimena
.uotW to Croup X baa OYal lranch le...,.., this chareot.. me.Y be
cona!4...a typical of Croup L
!be 4i.atribut1on of obaraoter. in the tire JI"OUP8 i •• baIm in
Table 1, a (1at Aue... nt). liantticant 4eparture trc:. al. 1 ratio
ot the alternatift ~u101U1 of a obaract.. 1rU calculated floc. the
bbac.lal ezpau.lOD Cl + i-) n 1t'bere Il • .... ot .-pl.•• 111ptOUp.
,2
In moat cuea, the '" deri.ation (CQlTected tor oontinui ty) 1I'U
oaleulated trail the standard DeT.ls.tion ( .[;;pq z:ff )
ani hence the Umit. outside which deviations were a1.grdficant at
0.05 leTel of i2'0bab111V were obtained. In the caae ot Gt-oupY.
which had the amell.at mmber ot getherlnga. the limit 80 determiD8Cl
waa checked 'ttY expansion ot the bioomia1 to the 0.0; leftl ot
proba.bili ty. In the table. non.-signU'lcant de1'iationa fran 1 I 1 ratio
are indicated b.r red type. ...All charaoters except G (acute .t_ l_n.)
are ot yalue in the diagnoais ot at leaat one group, altbwgh where
al ternat1 ye 8lqre8a1ona ot a character 000U1" with equal frequency ....
(D) leans tiYe ra.nbtd or not in Qreupa Y ana. Z. the abaenoe ot :tive
raDb4 1ean.a WQ1ld indicate Y and &, lut their pre_nee would not
illl!l1cate Ql-OllP L ObriOWll,y ac:ae .... t1on ot cbarflctera i8 necessary
tor correot alloeatiOll ot a apeoiMn to a partiClll.8I" lI"oup. A 8imple
Method of .... aa1na the JDWi t of a aq>le with respect to _berah1p
ot each lI'ot.IP la ~ a44i tiOD. ot ohaI'ect.... In this ny, one point is
glftJl t~ a charaot .. preaent in tiM .-pl.. it in the 1st Aue ... nt
that abaraoter is VP1oa1l7 pre .. nt or illditterent. Similar17. it
a ohaI'eot .. i. typioall7 abient in the 1.t Aa••• .-nt (1... negative
..... a.on of alternative) and 1. abMnt in the a.pl., a poi", 1.
character H 'IFU ani tted b-an this next assessment together with G. which
baa rJ()diagnoatio Talue. The ma.xinuD 'POssible score tor a samr>l. using
this tzyatem is true l~, and theoretically e. sample should be assigned to
the group ter which it has the highent rating.
Consideration of the diagnostic Tuuea ot the characters in the
threo grooupa ahcM'a however that this system ot awarding points is not
impartial. rut biased '.n teTOUr ot Group Y, bec~uae in this group ere
tour characters which are inilitter.nt. which meM8that a point is a6te4
u· the extresaion ot the 'eatuN in the aamo1e!. pori tin or negatiye.
Similarly. OZ-oup Z hu two chez-rooterswit; ch ahDIr equal freauency ot
elqreaaion ot elt.. nat! ft. and eo both Group Y and Group Z haft an
e4Tantage OTV Group L A~liminary uses_ent ot all semple.wu
.... b.Y awaI."ding one no!nt tex- • teature characteri.tically pre_nt or
inditterent u c1eacribed in the 1•• t pu'&gI"~-ph.U1 l~ aempl ••
belonglng to Qroup X in the l.t .... amentwere reallotted. to this
IP"CUPf and there were no MMPle. witil equ.l 8COI"e1i tor X and. Y Of' X aDA
Ie Thi. ccmtiNa the distincti Tene.. of Grrup X which rema11WCl
uD81teNd in apt te ot the di.edTNltAge mentioned ..bow. HOW'ft'8I",
CrOUP Y *'" had tire• ...-olea preTirusly allottec1 to Oro.topZ. while
niDI aampl•• hI4 an equal 8OOI"e te:.- the.. gI"OUpa.
It wa. ma.nt that ... n.y .. t be tCllU1'l4 of ott.. ttlna the ..
au. to in4ift..-ent.. b".-pl. .. were r ........ tf1Il" QI'wp. r ani
I wdnc cmly tbe aiz aater. which di.tinguish the_ 8I'OUP8 ani
.....u.ns point. as toUons-
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'l'he reaul t ot this 'Wu thAt Group Y retnined the three specimens
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transferred t.ront Group Z, bit eight of the nine which had equal score.
tor Groups Y I!nd Z were rea.tlocated to Group Z, while the ninth ...u
still uncertain. Inapection ot the original sCaring tor this specimen
auggeated that it belonged.properly to Grc-up Z. The distrih1.t1on ot
characters in tbt group. ls sboIm in Table 1, b. 2nd Assessment. No
be oonsidere4 to sbDw the obar"cter18tio :teat: tree ot the three group ..
The ditterenoes and 1limU8I"1tl•• ot oharaoter e:q:reaaiona in the
"CUDS are 8UIIII&rlaed belew, (excluding G "= 11 ).
Group. Absolute A.bsolute Sbdl:9rities
41ff ... noe. a1milari tie. inYolY.1ng inditt .. ent.
X aD4 Y 6 , 4
X and Z II 0 2
Y and Z 2 6 ;
Qroupa X aDd Z ere 'Well oepar&t*4 aDd al.tbwgb. GZ'~ Y ia in sc.e
re8p8Ot. intermediate. it 1s obr.l.ousl.,y .... olosely related to GroUp Z.
QrcQp r ..ea bued on only toor oorrelationa, at the lonr aigni.tioanoe
lenl. aDd ao 1t 18 rather doubtfUl whether Grou.p Y should hay. tuDncaic
. at.tus.
'5
At till. n... it i. -17 Ul-aat1D& t. dr_ up a table .ho1d.rla til.
ci1nriblltieD .t oharaoten u .r1g1ully aoore4, that b, 1noludiDa all
inteNl41ate Y&l.... bet ..... u.4 - (Table U).
I" 1a at ORO. obri.oua that Greup X -;eoiDen. 8ho •• uoh aaaller
peroeatage .t iateneci1ate value. tha 8peo1aen..t the other 11'0••
la pal'tiou1&1',the larp INa"" ot uapJA. aoGrina (.) tor""_'
obazo...wrri 1ft G).~... t _d Z 18 JIO't.1IIIrtb.J. N.w .. the ditt.r.oo
be... + _cl (+) 18 .liabt ud •.....n.t .ub3eoUv., 'labl.l,o (thiN
..... __ i) baa Men pnpancl abowias ~ ddi.tr1oll't1en ot + ...
allancrMI'II w1~ (+) 1aoluclecl 1IDder + 1DaMad. ot \D1de1" -. Mq ob....
iD. tile d4 .... '10 Yal_ ot the oharaot.en .... i.D.Ii1oaMd. (J 18 aol1Jd.ecl
beo ... 1t i.e Cluan..i.tat1w, aD4 I _d 0 ~ iMl __ (+) .... +).
1'h_ tift nnk-' lea.,... (n) .... no lug.r _" .~ni ....•t Gnup X,
.. tiNi11eN la..... (p) IIa7 .., 1Dci1o.... G1"01lp Y ..... 11 .. Gn., 1,a1~.their nUl ..... t. Y 01' X. Group X .t1l1 l'eUiu
r.1Il' abeeln.q diaclMletiot.. iurea: .Y&l 'branoh le.we 1nnllecl all __ ,
with boNer" .1' _n ..U. bro_, &D4 ... ,..... It '1M3 ... _ted. that
u... ........ wlth , ... _ GNupX, wbile b,.. ltrlllOb_
aloae in'ioate G~ Y.
The ada aip1tlo_.e .f -viDe the lJ.u 41'rid.inc+ tn. - 18 Sa
_1at1ea w the tiaU_u.a ., Gn. t &lulz. 'lAu .. lIla_ 1....
.. ,ftdeei··_ la l»nb. Cl...... wb1le _-'_NDUct lea... , .. _
oAlenJi'arllHe .. u. .. .uute....uaw ..nu iatioa'" 0..., Z, tile
al.... ·Uft ..,...s.eu et tIl_ olIano'ie. MM _ 41..... i10 ftl_ at
all. Ttu. they are unaatiatactory tor diagnosis ot Group X el.lIO.
Thi. leu •• only two character. tor the distinction ot Groups I and Z
The•• area-
(i) tucicl •• near in Qrcup Y. di.tant in Group Z
(U.) lranche. l:rown GIl' DOt in I. branches not lrom in Z.
"hich can hartly be oonai4.-.4 aufflcient tor .eparation into taxa.
Be8UY. while QroupX i. S.p4ohNa (LiD4b,.ex Era1th1r.) warnat.
'!'here i •• TV7 clo88 COl'Teapo:ndeuce betwe.n the .. taxa as now
4eft.. and tboae 41stinguiabe4 b.r l.af abape in the .. cond part ot
tb:l. Cbapter. Leaf shape 1rU .c0re4 in the aDalY... just 4•• arlbe4
as "leaye. onl .. taper1na". as the actual .. aaurement....... c!oDe
1na1uct.a in the char.ne. anal3' ....
grs X oonal.ted enUrel.:r of apeciMna witil L/" ratio 1... thaD,
,.2,tbat i ••8.palohNa (i4entioal with Croup A of
lut ..u..:
Qroup r (...... apeo1MDa) iDClu4e4a-
10 of "tal.. S.24ohN11' _u 4.1'. rUlp'" - ,.1
4 ot S.NCI.II"Wa ,." ranee ,., - 4. 2
grs. <M•• rea 8peaI ) iDOlua.a.-
1, of "tal .. s.pa1obru1f' Mall 4.48. ranp ,., - ,.~
1, of &reourwa .ea ,.01. rup 4.2 - '.4
1'Iua there 1. -.pl.e jutit1oaUOIl re. oaabln1aa· CNupa r eD4 Z UD4er
1s:NCl.1na (QNup B of lut 88Ction.).
The di.tribution ot character. in Grwpa X and (Y + Z) ere IIbDIrn ill
Tabl. 1,. where (a) and (b) oarreap0n4 reapeoti TelJ with the 2nd and ,r4
Aa..... JR. ot Table 1,. It oan be seen that lII1CZ'onate trench leaft.
(n) and nU-ditterentiated .t_ cortez (M) haTe DOdiagno.tio T&lue
"hen the 41.Yia1on between + and - i. 1DOTe4 to include (+) with + (1'able
1, (b», whU. the obRaotera or un&!ul.at.. NOUI"Ye4 traMh leana (B aDl
C) haT. a ctecre...a aipt10an0e. 'l'ald.q thi. into aocount, Tabl. l'
OYerleat, li.t. the oharact... abon 'Iv' thi. _tho<! to be lD41.catin ot
ODe .. the other tuon. 0I1.l.y one aharaot .. f4 cliagnoatic TalU., 'tranche.
~ to be oonataDtJ..ypNaent iD Grwp X. all other oharacter.
abGIriDc 1... TeriabUi v.
'l'bI ooutua;r II the_ character. ill plant. IP"OWIl UDIler titterent
OODIJiUou i. cliaauuecl ill the .zt chapter.
It 1. oonnld.ent beN te cliacua the cliapo.t1o ftlu. f4 the
obaraot .. et tuatOll of -.,.u•• U. ill the branchlean. Becaue
ot the uno.-taiD a.t1Jd. Uon or this aharaoter, cliacuaae4 OD Pe 26
or till. theal .. it .... 4eoi4ec1 to 80QN tor the aDalylli. 0Dl.7 laten1
tual_ ..... in IUI'h.oe Ti_. PI'cIa Ta'bl•• 14 UIll, 1t i. ~
that altblNlh the .......... ao a.t1M4 i. alao.t alwq. pruent la
aped_ or S.pq~ 1t i. alaopnant to a ....at.. fir 1... exteat
ia abcuthalt tba It~ apeo:I.MDa. TtIIa lateral ftaa101l ot tbI
l\Yall- ..u. 1. ot llttle ue rw tbe -x-ratiOD or tbHe tu..
1be poul'bll1V, that tualOft iD • p1&M at riab ....anc1•• to the
1-' ...r... ('NPt1eal. tuai.) at... be ot cliapoaUo ftlue ...
Table 16. Charaoteristio f'ee.turea ot s.nulchl"um and S.l"erurvum----- ....... - ---
S.pulchrum S.l"eOUl"YU!ll
Shape ot median 1eayes ot divergent
trenches
Length < .~.2 >~.5
W'1dthat 1/~ distance traa
apex to baae
RrMch 1eay.. undula.te saraetiu.8 .Almo.t alwnya
.. " reCUl'YeC1 Scmetu.a .Almost e1W1\Ya.. It lIlaronate At.q. Often
N " , - ranked Almost el.eya otten
stem leans t:l.l:r1.l1oae Almost al.way. OCCaaionall_y
&-anoh lea ... irrolled all
round (at l .... t ODe margin) Almost ol.we,y. Very occaa1onally
one margin
Barcler 4 er .... oel.ls wid• Alwoet always Very oocasionall:r
.. t lVel.1;. ceU. tuae4 late!\-
ally cm adaxial tlKJrtace of
lranch l.at .Always otten
Mea lrGn Almo.t el"aye Yer,y occasionally
st_ carta well-differentiated AlW'tlY8 ott.n
pucd.ae. 010. together .&boat un,ys SoMtt.e.
Br.... s brGIm Always OOCaaiODall:r
'9
ezaes ... _ outt1nctnuwne 1I4IOt1eu tbre1aIh the a1dclle et br_oh
le.ft •• t allb 75 lpeoiMu.
The nlUlt. an «1.,. belewa
tetaJ. .uaber.t li~ aboIrbc Number abow1rle NWilber ahoriac
IpeOWU _n "11. ... cella y.nloal ha1ea
tUM4 iD tued ia in ..n1ea
nrt.. 'f1Mr 1I1II'fIIa. Y1Mr
16 -
S.reoun. " - 2t
10- 11
It 1. 1atenn1Dc t. __ ._ .t , .,.o"_' _1Gb .... lIOe'"
.. IIbft1aa _ ftad_ at all, 2 M.,...l.al ha. Wba ..n~
!hi.m.. n .... til. at et y.. taUea _lob 0_ be .... '"
4Ut..... J.nftI .'1" la. !be IW1llt •• _ tbat ....
v.nioal tut._ et tile ~..u.. oeu. Sa an li1dW '- S.plohlW
&Dd tbat the Ghana_., b_v.JI cleft.ae4. Sa .t little 1al_ te..
dJ.at~tb-.'"
CHAP1'ER ,
(i) aeneral _tboda
(a> Qlltintion
In the early .tap. of thi. wort. .tt..-pt. were mAe to rai ..
planu trc. apcre., ll.lt they"... all W'UlUoceeatul. In an.Y cue,
the rate of dnelopaent floc. 8PQI'.. i. alOlF end it"... apparent that
it ~d tab tar too long to ~oe ~ thi. _tb04JDa.ture plan_ in
IUIIlber. mfflc1ent tOt' expen.ental culti fttion. 'r!ua in all the
exp8ri.nta. whiohom be 41Y1c1e4into labcratcry culture. or field
tranaplanta. the crigt.nal .-pl •• oonained of ... ture plant. ool.lecte4
trc. natural habltat.. D1reot '{'II!OO't of the tM.oaene!V ot the
.-pl ••w.. ther.tare iIIpou1bl.t btat 0Id_ to the mode or gI"OIFth of
Iphapa lt 1. poulble to _eat olODal.material with a tair ..aunt ot
aOOUl"ao.Y.
J. alna\e plant GaD gift riM to 1D4epeDdentarowina point ...
apperentl7 tiobotalau. lrancld.DC ~ the .un .t_ at the apex. or •
the -proollu.otion ~ youDg ahoota floc. old pwt. of the at.. Awl]",
'pI"ttMl"ftCl 'Plant -.y tlua ocmalat or ..... al. cap1tul.. __ UrIIiDatina
a l:raDeb et the orlclnal.... Decq or the 014 pert. or the ...
weDtually Nault. ln the_ oapl~a 'bec<aDC oaarplete1T 8ePaI".w. ao
that ..... a1 Mlr lna.pen4at plant. are JrC)Iu0e4.
eertaiJl that at l.ut tbe oeatnl plant. of an •• ta'bU.-a taft haft
a CClIIInOnorigin (lilt see discoyery' ot S.8IIlblyph.y1.lum p, 160 )
Plante gI'OIring aubDergecl in poole are uaually JllClredittuae tlw1
tuf1;ea. 'tat owing to the higher rate ot growth in aquatiC habitats
it is senerallJr possible to find .t... shoring tour or ti.,.. dicbotcme.
so that CaBDOnorigln ot capitula is again usurecL Where this "..
_t poe.ible in au.bMI'ged habitats. et ........ taken trcm a ..:11 area
to re4uoe the cbance ot their being ot different origin.
The a1a ot all cul tuN experbIent. ".. to canpar. the morphology
aDd eatCllV'ot plant. &I'OWft una.r cl1tt.. ent ooD4itiona. ec.peri.on
with the oril1nal neoesdtate4 the preparation of a 4r1ed ape~n ot
the treahly gatberecJ. _'teI'ial. ... Gring to rather rapid 4ecq under
laboratOl'7 oon4i tiona. it..... ulN&l.l.y impo.e1 'bl.. to COIIIpaI"8 • nft't
sr-th with· 014' ~ CD the aul tin.te4 .t... Por each .. t ot
.xperiMnta, mttic1ent _terial waa gath.. e4 trc. the centre ot a
tun to allOlr ,.10 .... to be 4riec1, and 20 - 40 at_ t~ each
i:n4i'f'i4ua1 experiaent. In er4.. to _uur. rate ot ~ ot aampl ...
tift .t_ ..leotecl at rana. f.loaathe ..u experiaental "tuft."
ani .&Oh ftII tea _, Viae 001...... tbr.a4 rcwa4 the .t. about
, am. bel_ the COII8e Length fl'aa top .f COIla to f••o:1ol. iIIIed1atel.1
belGir the tJatea4 was NOOI"C1.ec1 toaetber with .. ber of tuoiol •• betneD
omaa aa4 t...... In thla 'n7 two upect. of arorih - e1oaption of
axi. u4 tMCdol. JrCNhtotion - ccul.4 be follan4 tor tift at-. gbi.nc
_an NU•• tor .&Oh experiaent. SkeDe (1,1" p.80) unCI. colour.
geotropic cUJ"n:ture. and increase in length as cM.ten .. ot heal tb3 arorib.
Variou. method. tar the cul.tiTstion ot 8J2hae ere JDenti0ne4
lrietl,y in the literature. Skene (1915) ,et( plant. in an 1Ulhea.tec1
roan in large conical flub luJ.t-tilled with distilled water ar
Tarioua mineral solutions. a-yan (1955) ,_ thea in uncoY'ered tlat
glu. dishes. buried to the tapa ot the r1Ju in wet cinder.. acld1nc
di.til1ed water occasionally aDd .nntainiDg e. high ~dity. Paton
and Goodman (19") cultlTate4 s.nemcrewa in COTered glu. di.he ..
'!'he_ euthors .tu41e4 tactor. at't.cting rate ot Forth and production
ot anthocyanin. aJIII1 noted that low liaht int.na:l tie. and intermecliate
.... nbcua •• ,..... artificially aha4e4 in .-ner but in ap1t. fd tb1a.
qui te hip temperature. ,.... reached. Thi. had no adnr .. effect
on the SphA3na apert trca an iDareue in the rat. ot Fowth. Plant.
grown in the l ..bcratory reoe1TeClno direct amlight an4 the taper ..tuN
o..... u8Ual.ly about 20 OJ in .... xper1aent. with conatant cmtrbM4
I!Jl'artl in &1- tanb 20 le ~ .. ..otion and ~, CIIe 4Hp. The tanb
.... halt tUle4 w1ttl tap ft_ and the lanr parta ot tile plant ......
iJrmer- in tb1a. l....n.DC a'bolat, .. expo... !'hi. _th04 ........
aatia1"actory than """'lanting" the ump].e. in ....t .and ar peat. Tap
water .eeMd to han DO 4el.eterioua .ttect on the_ expo.ed plant. Aa
long as the tanka .... e 0<mtre4 with (tranaparent) Uda to maintain a
bigb lua1di v. It this wu not done. exce.siTe ... sparation took: place
ana JliDel'al aal ts were deposited on the tips ot 'tranche.. Each
.~ntal tuft. with the tiT. _uured at .. in the centre. where
natural oonditiona ot buad.dity and al".Ad1ng by adjacent plant. were
.st clo.. l.y reprodu0e4. waa placed in a aead.-opaqu. polythene pot
(9cm. deep. top di_ter 7 ... bual diameter 4 .. ) with the bottc.
aut cut to allow the st_ to proJect into the .....ter. The pot .......
tben auapeDi1e4 ia the tanka by _ana of plaatio-ooated wire. It baa
been abGwD ~ 8DDe (191" that ..u ~ ot _talUo iona ha.... a
hIINtul .ttect on Sphqna and t... CIIl'tU.nary wi*- Cl' eartbennre pot.
(whloh contain lbe) wcul4 haft been uruaatlatactcry. Wattl'}lt'OOte4
c.... b0ar4 pot. ,.... ue4 betC2'e pl.utio one.. but they be... 110ft
wi til oontimaal iDJaeIoaion end also eaoourap4 ~ gI'OWth. The
water. which waa kept at a coutant len1. waa ohanpc1 about once la
tIIree aontha Aa there na uaual1.1a ..u aaount of algal. gI'OIrth in
tbI taU (ct. Sbme. 'pr. ae;) aDd .. exposed hew of the plant .....
SJS'?yec1 with tep water a'bout 0D0e a ... k. The planta ........
fIftrY IIOA1;h and replace4 in the pot 110 that 10M hee4a leTel witil
tbI top ot the pot. it el.onp.tion .. rapid. the tuft waa palled don
in tbII pot be nt. to keep tbe OOIDU at tbe ... belpt
alIGn tu and to prennt 4r'y1ng aue to tbe .... expoaed. con41ti_
_ tala. the pot.
Gl'OriD&plM't. __ rgecl in wat.r 111 the 1aborato17 pr •.."tH
oouid.ra'ble clltf'1oult1e.. Althoup tap water did DOt .... 'h
hanl plante ri'\h .n17 tbe1r 1... 1' pan. iaerMcl, OOliplet•• u"l'II1o.
ot plant. re.ul'-d in rapid 1•••• t ch10rephJll followed by d.ath.
Thi. le ouriou., .. water drawn by oapl11ar1tlte the upper part•• t
upend plan". JIWJ't have the e•• _».io&! oealliituU .•• at th__ iD
which th-.r .... t..eNed. An att •• t .... sad. to ern plet. 1rl
oent1nual17 .. rated wat.r, and al.. in ura'Md, I'UDDing wat.r, but
_lther .t '\h... _tbeda .... IIUOO ... tul. A8S.reoUl'vua uaual~
cren with at leut til. "_ upeH<l, "lam -ine; Mapleteq
nbMrpt, ,elba,. tbe latt.r oeldiii .. le tuad~"&ll1 .eu1 ..\abl.
t.r .altb7 penb et the .01... !>\II'irJc lat.r experiaatt. en tbe
labentol7 oultivat1eD et S.om1I1at,. diatilled water w.. r...
te be _zoe nit_I. th_ tap water ~r growth whe eub_rpd, 1nn ~
the UN .t cl18tU.led wat.r did Bet lead ". lNoo••• tul cul tun ot
S.reoun\a. MD... ezpen.ntal tuft. _re ,leoed la pot., but when
-b a t_ "'_ "n _aUu1., thl7 _re .aoleae4 ir1 a oollal" .t,.l1th- .lob wo the •• ,.4ed .. bite.. , litre be•• n __ .t
a 8Uitabl•• :t.ae tor theM _11 ...,le••
All ...,18. tnn.,lmted la the fi.ld w" iD pot. wh:lob""
... te the leYel ot the ...... a41ng 'f8ptati.n. ft.N 1t did -"
_tt_ it the IR_ ... td*lJ aDt1 p'.jeGted nt .t tbI ,.t, .. the
1Vl"G1DIdSn, ,I.."._1Dt&lBed "bit neou.ar,r hUllid1ty. IheJl pe"
..... '--1'PCl in ,..1., ttl...... _!&h'Md witb ....u .t.... - keep
th_ !.Mreed am al.. te aahtain an upright ;pu1tion. string Ra
tied. acn.. the top or "the pet io keep the plant. in, as <iiaturbanoe
.t the water by "'6., or .tor.u oould reault in the .t__ floating tne
and beoominB loat. The fi.ld pet. wen eXUJined and at.u ..... und
once a month, _c.pt fro. Noveaber t. AprU ..blan wath.r conditiou
weN uuuit&ble. Aotual13.little crnth t.e. plao. in tile ria"",
po•• ibll beg.... f ,..r U,ht _4 alMri &i.,.., •• ;partloulU'
u:p.I'1Mntal &:r•• in tlw TalleS .f tb. Afon Ll&.tar, near :Bethea4&,
Caernuftnah.u.. 'heiDe la POrllCleJlt abad.. d.1II'iDc toe .. _th.. ftle
_111 taot.1' reduo1DC cnrta .. \hie 'U.. b_ever 18 "'ageratue ....
ot th. plarrh beiA6 f'NMn ror lac penocl., the eooaaional ......
wet dqa -ina in 0.. ar1 .. ot nec11cib1e iBtluence. Ie..
apeJ."iJllnta wen .,UNted, at le.. t ill the £181d • ..,10., ..
le••e. d... to &b.. p or 41'cnapt were hJ.ch. In .... 0.... , ,.rU.oulal'lI'
in .xperta.'lt. with S,»ulobJ'!!e tb... ".. iDButt1oi.,:, _1;_1&1 ...
allow of lION than one er ..... &llpl•• "1118 en .. 111a1a1lar ooDi1t~.
8JDall •• ,t.. ttl tift st_ Wft tabG tna the up.n.ntal
,n... in_1'T~ aft_ the tin..t.... JRh., ~ ..... keel n_ 'Hille
left fer hrtb.__ U1lftMllt ••
(b) b,,'·.tlon It .!9l ..
Beoaun ot the peou1i.u' pwth ton .f S'O WI plad., tu1; ta,
~. ,""ptlon ~t ,.una fuolole. late ti-I & UUUle u..
.lep... ark!' the nan ot ... qed_n' .t _t.. , ie1ee
pro4uoed UDder the new' OODtit1oneare 8.Ta11able. It 8. e1ngle caul
tuft ot the original epeciJIlenwere tound on dissection to oonai.t of
20 tuc1cles in T8M.OUS .tages of 4eTelopnent. the first 20 tuciole.
to mAture under the experblental ocmd1tiona would haTe been
differentiated un4er 014 oondi tiona. Tbl. three stages ot srarth 0aA
be cU.tinguiahecb-
U.) Old gI'OIrth - 4ltterentiatec1 ani matured UDIler 014
oon4i tiona.
(ii) 'Separate4' Il"Gfth - attt'erentiate4 un1er old 00Dti tiona
but 1U.ture4 i.e. MT>eZ'atea&c. the
eau. UD4er DMr oon4i tioaa.
(11i) arorth - titterent1ate4 and 118tun4 una..... ooDlliUona.
In moat old I)I"OWtb 1t'U .ZM1Declcm the ort.llna1 apeoDu. ..
oooalliODllll.y011 the cultifttec1 .t.u where the_ Ma not dian_gr.'"
at the hue. Separated IJNIIPth wu __ tiM. ezaml.ne4 ..... a .......
betna 014 81111.... ..-th 1t'U ....
In cr4er to a.t.rId.M the l.iait. of ... SI"O"tb. ..-nral oc.aa
f4 .aeta et the crlslnal trpeOiMu,.... at.Hete4 en4 tM ilia"" f4
41t'twe1lUated tuoiol •• cou.nte4. In mo.t ot the cultiTate4 .-pl ...
JRDIlth\y i in tuatol na reoor4e4. .... wbIft the
Id.DlIaa i _ iD the tift et.a exceeded the -- .....
et tucie1e. ill aD .-ist-l the .-pl ...... 00Nda..4 to --
new growth. In IIaIIe experiment., oart1cul8l"J..ytho.. with S.pulcbrua
or oom:pact torma ot S.auapiclatwrt. it ....as imposei ble to count the
te.ecioles wi thoo.t claJraE'ging the plants Md 80 only length increase ......
recorded. Whenthese 'tlltt. were aampled. tuciel •• were counted in
t1Ye 8t8118 tran the base ot the CCIDIl dOWl1Wfl1'da along .. length equal to
the ad.niDuIt i~ in length ... recorcle4 tor the tift 1I8l"b4 .t __
It the _an JIDlber ot taac10lea in the m:1niDDD length increment exoee4ecl
rmsber ot crlgiDal. ocaal tucic1e .. the aampl.elU.t include ... Mlr
growth.
Hanna clec14edwhich aampl •• be4 eo. new tuo1.cle. ard also the
nuaber ot the .. , .. detailed lnn.Ugation ...... madeot this new ,rowth.
It aboul.4 be _nti0ne4 her. that the _th04 de.cribed abaft of count11'l8
canal. flue101e. i. DOt Yali4 trll" determination ot stege ot growth ot.t_ leA"., Aa a I'I1IIber of the.. (..bcut 20) are AUNptecl into a b.a4
aJ"OUn4 the apical oell ..bon the point wbwe the la.t cJi.tiDgUiababl..
'!ranch taac1c1e coeur.. HOlt,"", only ..bout 8 ot the.. at. lea ...
... well· 41tterentiate4. the upper ODe. betna 'ftIr7 YOWlIaDd _all,
eo that lt1 ~"'ga tunhal' two to the ..... ot 0C&Il. tuciol... tM
position et ...... t_ 1..... OIl a oulti:fttect .t_ can be 4e~
with reuonabl. aOOlJ"a07.
Ssnpl •• ot 014 an! ..... ".arth .... 1IOCII"e4 tor the charaoter.
U.tea OIl p. 46 tor the uaJ.,ym.. w1th tlIe a4di tiOD of \:ranche.
taloatel.7-C1U1"Te4 CII' DOt, eDl oc.a 1 &JIll ocmpaot fJIr oc.a -u.
a-aDCh length aD4 ma" of lea" DOted. and \:ranch am .tea leaf
8111l1)1 •• were alao meuure4 to .. e it leAl size. and y;roportj.ona
remained constant under cU.tterent conditions. lni t1ally, e. sampl.
ot 20 stem leaTe. (4 froc:a each ot 5 stells) "as taken. together with a
1:ranch l.af' aample conaisting ot 20 medien And 20 "terminal" lea"f'ea
(a.e Pe lOR) i.e. 2 'tranche. tJoaa each ot ,stems. The median leat
pmple. 20, 1t'8.8 trus less than halt the Idze recoamende4 in the
ill't'eatiga tioD ot '!:"OUSp1c1atua deacri bed in Chapter ,. rut it 1I'U
tbought that larger aample. ocul.d be taken l~ter ot those aamle.
ahoring ditt... DM. after oult1Tation. Ttoweyer. this 1rU not pomble
beCllIl1II8 ot lack ot time. 'tut as no difference WAB regarded as aignificant
unle •• there wu a ..-b4 chanp f'rcIa 014 to new' gowth. larger eapl ••
would probably not han l .... necl the significance ot the reaul t.
(ii) Cultifttion of S.pllchrua and S.reCUM'UDl
~ch'L'"um 1r8.8 collected. from Tregaron lb~ Card1.ganshtre in J'ulY 19".
and from B::MneS8MOss, Cumberland in April 1~56. Sane samplell ot
each gathering were grown in the gNenhouse ani also under different
field co:nd:i tiona. All the 1.ndoor eul. turos Uf!NT well. and 80 did the
N.eld tl'ansplant_. except one amongst S.,6ubsecu.n&.D!!which was deed atter
a year inwhich the .an inareue ill length n.s only 2 an.. Two
culture. which had been "planted" in wet sand in the gt"eenhruse were
d,ying att.. 6 IIODtheJ one ot the.. "8.8 transterred to a water tank 'tut
cHa not recoYerS the oth.er ..... placed. in .. wo.ter ~;ankwith constant
O't'erheadWumiDation (t.ran a ~ watt bll.b 1, om. trail the comal tutta).
and atter 8 weeb MTel'al &Nen IIhoot. had been produced trca the 014
.t.... ,A.tt.. another 4 months the.. shoot. had the appearance of ... tt.are
plant. with ocau about 1.. a.crou. an! they oontill1ed to ~(1fI DOI"IIa1.13'.
!t]WchruII wu trerurplented 8IIlOI\I Se 8Ilb8egu,.,~ S,;pap111oun. Se aquarro ..
and ,§.ftQJI"!UI!f .-plea ~ the latter trOll the tranaplant 8i te .....
put ill pots in tbe field un4er the same ccmti tiona as the tranap1anW
8.pulo!!!!- end further PIIIPle. were cultiyatec1 under labcrr.tCII'Y
con41ticma,
In ~z:ecuJ"!\II!t plant ... awn in4oar ...... 1111'18113' .... oaapaot thaa
tho.. &rom ill the t1eleJ. bit tbl. "... not trwa ot .11 S. f!1chrma.-pl... .. ill 8hClIWIlin Plat •• 1. 2. ~. ana allO in Tabl. 17.belaw.
Table 17. ~ ot .t_ e1onptlon ~ t!18cicle product1_~ ~.n ~
cultivated s!:J:~p1es2.~ S.rec:urvwn ~ 8.pulchrum
Sample Condition Time Increue ln Incre .... in
length tascicle
Months am. rumber
"._¥~R'_'''''_'' "'__.,
(1) s.recurwm Labore.tory 12 14 64
Pie14
LIV (Shaded) 12 1,.8 4,
(il) s.J!!l:~ Qroeenhou .. 14 ;.8 28
1'"1814
PI! (Shaded) 12 10.8 '0
(iii) S.;eulcbzo\aa Le.bcI"atory 6 7·5 '7
pn GNeabauae (; ,.9 '7
JIle1.4
(EXpo..a) , ,.0 1,
",. I'eaul t. auage.t that ocmpaotDeaa 1. regulated qy habi. tat. ln tb1.
lIOI'e 41atant tuoiol... other exposed .8IIIPle. ot S,pulcllrula were
obeerYecl to e10Dg&_ 'nJr7 &lowly - u 11tUe u 1 -. per year - bd
the 00l10l.wd.0Il fllocathe obaraot.. analyai. that s.pu.lohrua aDd
s.~ are obar:\crteri~ I'.epeotively llr cloae aD! M.tant tuo1c1•.,
it i. DDIr apperezat that tt6It cbal'SCWl' can be .ad.1.t:l.ec1 witl'd.n a ain&le
elODPtiOll of otbu' part. of the plant 8baIrn by ~mohNa(iii).
abaft) in ..blob tt. .....u.aa lraDOM 1., - 2.0 .. 1-. in ~
labaratQl";J' ow.'tuI'.. .. ~ with 1.0 - 1., aa. iD the or1glnal,
.pecimen am. the gr8enhowse oul ture, although the mmber ot leaYe.
per l:ra..nchremained constant at about 100.
Another character which W8.8 el tered in the shaded. rapidly
elongating SeP\1lchruDl apec1mens'RS colour. The original Tregaron
and Bownes. plant. were a yellOlll-green colour with 'trowniah OOIIIU,
lranoh axe. were reel Md .t_ .......reel to lraIm. The new growth
was groeen in colour, ana although eYen the oanal lzoancbe. 1Nre rea.
the top a..~ OllIe ot atea ..... pal. &NeD. Thi. becamepipente4 later
on. bJ.t "en the pel•• t_ ahond a well-d1tterentiated oert.z. TJd..
lut aharl10ter .. ..a to be oonatant in SeE!!!chrua spec1Jnena el.tbou&h
0180 ooaurring quite ott.n in S..rt!OUl'"!W!e and it appeared to be
unatt'eoted 'tu ohanp ot cODU.tiona.
S..,...al oharttoter. which had been d1.fflcul t to .ocre in the
anE\lyais were t0un4 to be lIICditie4 in tbII anrpl •• exam1l'1114. 'l'I'u ...
eha4ed ~ bmeraed nmpl •• ot S.pulo~ bad longer lranahe. than the
cc.pa.ot tcr.a, the \ranoh leaft not so oloael.y Nt and tiua ....
.... able to apneA. The n ranb14 arrangeaent wu often 0be0ure4
be08ll .. of tid.. ana. partioular17 1n the aquatio culture .. the 1.....
ten4e4 to be II8ClmIlJ thi ..... notloecl in :t.rb6riUll .pec1MDa trc.
aau.tic ba14 tat.. s.recurwm plant. al80 ehond the t1~anD4
arran.-nt. 'tbI 1:Icr4er 1n'tranch le ..... of ... iDl10cr CIUlture. of
.. pulobrua was MYV .... than , oel.l. wide, althcU&h the cri&lMl.
apeciJlena U4 baraen ,., oe1l.a dele. No a1&Jd.t1oant cbanpa ....
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detected in the f()l1 ovrln~ ehro-."ctera:-
at_ leans slightlY t1lri 1108e in ~~.chruID. oocasi.onal.ly
ti~110ae in S.re~.........._--
'!ranch leRyes :bnoolled in S.rulcbrum slong £It le~.st one margin e------._........_
Ca) Measur.. nt data-- '-_ ...,._
Ci.le ot the important reilUl.t. of this inYe.ti.~tio'l was. the di.OOYeI"Y
tl'wt all lJamples of S.reourwm oultiftted artit1c1t1ll;r int!o<ra graduaU:r
beosaae smel.l8l'. This may be attriwted to poor light or mtritional
deficiency 4ue to gl"OW'ing in tAP ",at... hit wh-.tevet' the oeuaes, there
(ii) it 1. po.lI1bl. to alter the 81.. f4 plants wbU.t the ..
NIII8ln heal.t~ a.D4 OODtime to tf}ffIfI.
_ob an ll1110ar .u.tu:N fit s.......,. aN gl'fD iD Tabl.18. It 1.
appatent trCla the.. ..ceria that both length Md width cleere... 80 that
the leqtb/ri4th proportion f4 ..ataJ1 1.8". and the 4ithrtmee be...
lenpb ot ..at.. at t.wd.aal 1 r.d.n ooDatallt. ItIoh ... 04
..... ,.... DOt ~ t :pal lIut lt 18 hiPl.Y probable
'!'he proportion 1ength/(width at l/~ distance trom apex to base)
~of l'en_ge were recorded, although JDel.'ln Tt'..1uee of this !ll"OPOl"t~on
Taried as shawn by the to~lowing figures for S.nulchrum (Hi) (88 Table
Table 19. Value. ~ L/w fer aane cultures ot' s.pulchrum,
(.~~l pmpled 1ean8 'new' except where stated)
Smrple Mean Range
criglnel.
Labcratol7
~enhouee
Piela
(Separate4)
Piela 14 amtha
~.1',.2,
~.41.
~.05,.,
2·1 - ~.,
2.7 - ,.8
~.o- ~.l'
2.7- ,.4
2.6 - ,.8-------~--------.--..-~.'---~-..- ..--.•.-.-~-.-..• -~-".~--..--.-. --.--..----.~-.-..~..-----
of ,. ~ - 4.6 in a t.lela aampl.eand ~., - ,. 0 in a labaratcr,y .-pl...
each with a MU of 4.0. 'l'bla a a1Dale lI8IDPle J'A8'3' contdn 1eaft.
tra. tt. range. ot both taD U det1ned in Table 16. wt the _an yllue.
of thi. proportion are .till ueetul tor iDUce.ting the afflniti•• of a
(b) ns.1ICNu1on
'1'be .Xfl8I"lMntal mAe... fer tM 4i.tinOtDe .. of itp.alobnia 8114
Ii1INOJlI'!U!! la an .... t. 'tu" 1:bue NU~.c10 ahoIr .,.,..,.. that oerta1Il
abarAn.-. oennot be relied upon aa oI'1teria tor ai.tinction fd the..
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tax a. 'l'hls oolour ot plant and ot young st-. oloseness ot
tuo1oles, spreading and undulation ot lea ...es are affected qy
errn.ronnent. In all the cultures ot Se pll.chl"um howeY... eftD
where this 1t'U growing amongst s.recurwa ana. resembled the latter
in colour. size of oana, length and position ot 'tranche., it ha4
a distinctly dU't'erent appearanoe. The 'tranche. ot s.:e¥:c~
especially in the oc:.a. are alway. thicker and tend to be truncate
rather, than atte~ate di.tally ia oontrast to §.. reClll"'Nl. The
aut .. euggest. that 'tM tid.obt- laoanches ot 8.RUl;chrua are 411.
to the 'troa4er 1....... which tluII are ..._,. 1Japortant in tiagnosi ..
'!'be trauplantina f4 Hap1.•• ~ Treglll"OD toll owed ..
a ......,.dry ....... aDd ..... &1 .-pl •• tied 01" &law to
be«wt .stabUlIl1ea. u4 apia ... .-pl •• tr. BoIme .. which .....
transplanted to a pool .... wl.1 tor 12 IK)Dtu and then wer. lost
betore the tint .-pl. ot nR" &l'owth baA been taJam. Thi ......
T"'Y untc:rtuDat.. u chaDae. in leal length and }:ropariicm ....
expe0te4 to ooour u a Nault fd ~a1_ (Me r.aul t ot ialDerae4
oultuN ot 8.N~ P.122)
with Nf'ereDM to the at.tilllOtion ot the.. apec:t.. on the but. of
l.at ahape. ea it leDCth iaore...a wlthoat a propart1onate 1'1101·.....
in width. s,palobNll.a ... 1IOUl.4 beo ...... tapertq aD4 aUd.lw
to thMe of s.~ !'be a.t._Uoa of 8pe01Mna tn. 41ttereat
aature1 _btut. inti...... how...... that the hip wi4:tlt/lenath ratio
i. IUdJrta.iM4 irl aquatio .".cdaeu ot s.pulc:hrua.
7'J
It was thought during the early stage. 01' this work that
Se recurwa end S.pulchrull Il1ght be ecologioally it not taxonaaical.l.y
distinct. u their natural habl tats seemedto be different. Trus
Tregaron bog i. a raised bog, with S.T'Ulch!"wa an important member
01' the central. 1ImIDock and hollow re.v,enere.tion canplexJ 8.reClU"YWl
i8 not found at all on the raiee4 bog proper. being liDd. ted to the
JUrglnal lag. Bowne •• MO.. i. a nat bog only a'bc:Qt~ n. abcmt
•• a 1eftl on the ..... ot tba SolW8.Y l'irtb. A true CJ'Clic
regeneration ~_ doe. not exi.t here. bat as at Tregaron.
§tp.!1ohrwa 1. UJld.tecl to ...u tuaaoclca and pool. (mixed with
"-!Pidatue> in the oe~ a1.1gbtly rei ... reglon 01' the bog.
§.reouzowa wu not tOUJllll here either. aaaoo1ate4 ~ speci ..
bel. 8.tenallU!t §.pepUl", aD4 S.~
It would appeU' trca the taNao1D1 that S,:eul!:t$UIIl rret...
a ha1d.tat with littl. aoUp .. lnftuence. as it i. -.nt1oD1Clill
11ter.... .. a t;yptcal OO'IpONIlt ot the oaala-oa-cuarai_ bop
of tNl.uI also, LreGUl"Na OD the other hand la OR DB in bl ... t
'boa. aD4 aU&btl:J' acia -pocr rerl'. HoweY_. 08Yal.4(1,." Macri ..
an Mall I'd_ 'bol at .... 11 F,J 1n wb1ch a pool. oonttd.lII... ItCl!!Pik ..
waa bcrieN4 .. 8.pal...... till. ill turD 'being 8UI'l"OUDIe4 _.
s,apiGQla. (.~ nr ...... _ Warut.). here 1. an ft8q)le
of tile .. apeol •• araftJIc tose--- ani ,.t r...s.nt. c1i.t.1act. (I.
1t an iDI:loatiOft or ·tiae 1IJIIINrhiav ot as..ti.DcUOIl between Se aplOU1a_
Lindb. and ~_.angws t1to11U1l C• .lena. (S.;een1tol1_,,!! (Sendt.) Warnat.)
(see Chepter ?) \hat 08Tel.4. ln hi. acccaperzy1ng sketch. lndicate.
that 1t la the latter which aurrounds the S. puJ.chrum t) Procter
(1955) gi.n8 poor ten as the typical habitat tor both S.tW.chruIa
and §JreC\lr!U.!!f and Ro.. (1951) describes them as occurrlng together
ln the low-l,yin& aoutbern nlley- bop. Al though they there oocuw
allghtly different hab1. tat. Aa regarc1a a1:wl4ance of water and ita
Jlineral content. the two apecie. M.Y El;atI close together. It w.
1. so. their eoolog1oal raaae. I&18t overlap, and true 1t aeeu
&Jubttul whether the eugge.'lon t.U.t they are ecotype. 1. tenable.
'!'be pnaent .u:tbcr baa recently tCWl4 both .pecie. gI'Ori,nc
in a IIIUll area of OM boa'. thauah DOtadjacent to ODe another. '1'h1.
particular bo. on the SUnr now. or B1obu. Qallony. 1. a
d1ttereat type ap1n trca .1~ the 10lf-l.)'inc coastal and yalle.r
bop. or the 1nlan4 raieed bop of .,urate (c..500 ft.) altitUde•
.. it oocup1 •• a 1......... in a wiele IIOUDtainyalley at abc:Qt~ ft..
'lba bog baa a t1a.t. er .,.". allghtlY oormtX aurtaoe bat cannot '-
trul,y _lIro.... oriDg to it .... ce1.Yinc the 4ra1nap waterfloca
the .aTou.u.q blU., a riftl' 'bcJrUra ODe a.a. ot the boa. bu.t
.,tbi»a COZ'HspoIIII!:J..q to a 1.. i. tcrM4 at the toot of the --.tain
OIl the other ... at.n. Poala are aoatWNd oyer the whole azrtaoe.
Itpalohrua (which i. 00IIf'SM4 to .. ..u. area ot tile bog) 8II"OriJtC
either in the_with s.oup.c1ataa u4 8,flIL1rioula!u& (1ft in the
aurrounllnc nat. "" Iphapa ~t witil S,J)!Jd.l.l.o!I!! Se teaell.-,
n
S.nemoreua am !!J?!UII1lo~ The only well-torMd hmJDoclc. occur
in another part of the bog where S.pllchrum 1s absent: they conaiat
ot !i,im1:r1catum, ~.magellanc.i~~ S.teneUU!!!, S.plurulHum, or
Rhaccmitrium l~ and appear to be stable .and not part of a
dynamic regeneration ClJcle. S.re~ was only found in one part
ot the B1lnr PlOllt'e. 1n a large eroded peat hollow, where Juncua
ettu.ws had become establiahedJ curiowsly. 8. lax. non-lulnock tana
of S.1mbricatum occurred here alSo.
.. ca tbese oblerftt1ona on Mturel occurrences ot Serecul"'f'lml
al'l4 LP1:!lchr.!!! either growing in adjacent tufts or in a4jacent er ...
ot the same bog., end traa tbe reaul ts ot experimental cultuns where
tbey r.udned ditt...ent u.nIler identioal cond.itiona one II18t oonclu4e
that tooit) '_o cli.tinotneu doe_ ext.st. Whether the d1tterenoe i••
aatticient to warrant a cl1.'f'1aion1nto .epar~,t. s'ec1es (which oculi
f# whether s.lN!~ i. best reduced to a Yariety ot S.reOlll"'V'Si. a
ctebatabl. point. b.tt I think both taxa abcul4 probably be aCCGl"4ecl
ot the apec1... Certaift cbarac~. pNYioualy u.ae4 41 .... tioall7
haYe been ahown ~ tkl..... k to be of 11ttl .... ttJl' i4ent1t1catibll
ot lel1Yea were sharm by examination ot a large rumber or spec1lDeDa
not only to occur in both taxa, hat to very within indirldual
specimena. Again, 11 character such aa five-ranked \:ranch lean.
aeC1DlJto be :rairl,y oonstut under cul tintion wi thin certain plants,
ponaib1y the more rowst onea- lut 8,8 it occurs yery otten in
s.~ it i. uaele .. tor cl1agr.osi. , eYell though it ia a.lJaoat
irLYariabl,y present in S.pulc:hr'Um. Chart'lcters BUob as width ot
barcle.r aDCl particularly habl. t CMr8.ctel". such Il8 colour, rob.t.tne ••
and OCIIIpactness baTe been ahawn to be influenced 'tu em'irOllD8Dt.
end so their diagnostio Yalue ie groee.tl.y rec!:uoed. It i. Id.gntt1oant
that alJaoat ftll the "tel... s.pul.chzouJdf ~c:lmena tound to belOll8
properlY to S. J!"ftOU!"Wa were robuat, lrowniah SPecimen&, otten wi til
t:t..... rlUlked leafts and. encloHd chloroplzy'llou. cells.
I would sugge.t that the aa1'e.t abn.racter tar identifioation of
§.ep.y.ohr'ua ls the shape ot l:ranch leans. although th1s ahoul4
ne'ftI" be relied upon e.loM. Qoo4 oontil"lllB.tor,y charecters are the
p!'e1l6DCe of oampletely' lnrolle4 lear margins. s11ghtJ.;r tJ.lr111o ..
stem le_e. (alao ooc•• 10D8ll.,yin S.~ am. re4 .tea tu.rniDa
'trcIwn with..... Branche. cl Se2*obrum are Blaoat innria'bl,y rea.
eftD in the oau. 1a.lt this cMr8.oteroccur. nu! te otten in s.~
and so i. not eonoluai Ye.
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CHAPl'ER 6
'l'M relationship ~ S.cuapidatum. S.tulu. s.~ecurvum ~
Se auibl.Y:Pl\Y1lum
(1) ay.temat1oa
ac.e introduet01"Y remarka on theae specie. were made 1n Chapter 1.
Tbi. present ohapter 1. concerned particularl,y with the taxouomo .tatua
Aa Q'IIOD3IIl8 fd S.reounua. A cona1deration ot the latter lI1.t al_
Sr!J.!R14atua reoogn1aed ~ Anaren will be oonaiderec1 later together
with ftl'ieti •• o~ thl. apec:d... and o~ S.reCUM1.a recogniaed .a)J ..
Jfont.11 (1~', tollowiDcWU'n8~ (189". reoogniaed 8.nourwa
ani !,pa:fttoUp. tn.r. bet ... ftl"ieti •• ot the tOl'Mr apect....
ftI'. _b1..yptq1l_ Warut. ani 1'U'. DlCII"ONltua Warnat.. Lparritol1U11l
i. 4iatiD&\l1ab04 ~ ita ..u. ate. l ...ft .... lroe4 .. lone. u.,all,T
_bllR!v11- 1. 4iatingaiabe4 .. the trianaul~linealato 10...
wittl 1"OWlIle4. t1alri.to apa.
Sbtrrria (1,27) tolloncl WU"ll8t~. 19l1 cl....1t1oaU.. 111 which
• -1!ln!Jrllua ...... &iTell ~cit1o I"uk ... [&;e!r'ritoli- re4u.0e4 to •
'Al'iet7 et thia apeoio.. pre.... b13' becau.e .~ tha llimilari t,y in atea
1'"~ 'l'hl. prooec1moe MOe .. it.te4 the are.tioa .t 8.1"OCIUI'Ya
,,0
•
'hr. p!'!Ulua tor the lIUl.l-le ....ea Iq)8cimeDa with triangular aout•
• tem-leaye.. and led to oona~.derable contusion. .Andren (191~.a)
doe. DOt aention st__ leat shape. lut diatinguishea the Tar. teme
u hanna 1ID8ll. non-undulate leavea. Some ~on ma,y haTe
J!I8.al ted frca Sherrin' a .t...tranalaUon of part ot Warnetort's
aeao:ription or Yar. parritoli_ (1911. p.21,) which reada "Blatter • •
• • • • trocbn h&d1g rdoht lIail,.] oJ ert" (1:ranch leave. • • • • when
c1r.Y. tl'equ.ntl.y not undu1a..>. whereas Sherrin (1927. p. ,2) atat ••
that the7 are "usually u.n4ulat.". Trua warnatort·. 1911 desarlption
of Tar. !!!"itoliua would aooor4 nll with .Andr.... ooncent1on ot
nr. tenu.. in api t. of th8 attt.. ence in parent apecie.. The
probl_ i. diecu.eecl .... tull.Y ~ Anarew8 (191n.
Rioharda and Wallaoe (19!SO). ana. Proctar (19'''. dealing with
Iriti8h Sphaana. haT. toll0n4 .Andr .. s in recognising only tn 8J)ttCi.s
(!t!.!!plclatu. and S.nourwa)1n this complex. but ma..,;y' Scan4inanan
author • .aWn.. tt. latt .. apeci... In the gr'aphic key. ot Pearui4es
(19'ss) who wc:rbd under tu Rietz at t1ppwa. S.anguatitolium CeJena.
<laP'E!!!!liU!). It*SGUlat:- LiaAo. (s.reOUl"YUll ftI". DUcronatul!).
and Se _b1.YR!q1lWl lIN NOOpi..a u distinct "I*'ie.. tbt two hi...
haTiDC tr1anaular. a<II at.t tU:r1.11oM.tOll l.ues. while the latt ..
}t~arnaide.doe. not illustrate
the ~ .1ruoture et _ben or the S. reG1rVWll group (inclu4inc
• balt1_ ani §,pulol'a"ua) as abe oorud.der. tM. to be aiJaller 1n thea
all.
!I!&t1!titol1ua (0. J.n.) ~ .... wh10hhe Mlr recognise. togethel" with
_~ _bl,Yp!\Y11ua(Ralaa) Warnat.. In hi. earlier !nPtog!!!nf'lora
(1,48) be deacr1be4 .. a1ngte taxon. 8.zoeCUZ"!UIJI..0 this MW work 1.
1IIportant in that the 8oan11naYian conception of this gI"ClUp baa be.n
applJ.e4 to the Sphagna ot Jb'ope 1n ap1t. of the re.1eot1on ot this
Table 20. D18Bf1C!sUechare.,!t!.l'-!..2! S.recunuDl su~c1 •• acoordi¥
to Gema (19'7> (tzoanale.te4)
aubap.
&laronatwa
subap.
!D,Ilst1toliua
8u-le .... Sharply ap1culate 'l.'runcate. not longer Rounde4 a.n4
then 1:roa4 alruptl7
fringed
EquUataral - to Equilateral Lone
180aoel•• - triangular l1qul.at.
tri~ ..
PUril. No t1l:rila No t1lril.s
Slt:. 0.; - 1.0 -. 0.4 - 0.8 ... UP~~O'"
Jlttanoh-u:is Not pint Mostly pink -SpI'ea4lJtc
lraDOh leaft. 1.0 - ',0 .. Owe - 1.2 ilia 1.2 - 1.8 -
PerMWlt branch 8Mll ap10al La'p apical L&r.. .p.oal
leana pana pores ,....
SMa oerta Not fir partlT Not 01" pazotl:y scaroe1J
as.trerentiat ... ditr... nt18:te4 41fl"erenti ..tea
PerUon (19'2) cU:ri.4e4 !Jre~ 1n .. abd..lazo way, but statel that
._ ........ t. 1...........aplculate because ot the .... g1_ bet.
1neurn4 aboYe. With reterenoe to thi. characteristic. AJM1rewa quote.
IIl1cJewi tbout ooYer-@'laas. EYenwith a OOYer-gl8S8 it i8 !lUite eaq
to tell the difference between an acute point and an obtuse one where the
~1:rtme ot the lwaline cella i. reaor bed (Fig.12 ) .AzK'U-ewastat ••
that be ha. tound auoh obtuse leaTe. on plant. determined as Tal".
muCl"Onf.\tuIIb.Y Warnatort,but it is PO.Bible thl\t these leD.Yeawere obtu ..
t1'rough alraaion Cl' eroa:lon which i8 eaid by both atoorews an4 ~.Il
to 00CIl1I" oocuional.ly. Obrioual.Y old .tem leaves. which have been
aepera.ted traa the ccaa aDl expoMd far a long timo, EIremore likelY
to be .. 04e4 than leave •• till protected in the comel tuft, .0 that in
crder to cletermine whether acute or obtua& leavos are oharaoteri.tic ot
.. pM"tiaular stem it ..alla seem adYiaable to examine only the very
,1OlIJIg .tern leaTe.. An;y d1.a.w1vante.gedue to uOl.. random1sation becauee
ot thi. lild.t1ng of sample area. i. outweighed by the adve.ntsge et
obtaining OOIIp8ra'ble and relia'ble resul ta, tor elthough an originally
acute l.at IUtY later be alrade4. a young obtuse one lIIlat remain obtu...
(b) s.tallu
HLw'rell (l~ toll0n4 War:natcrt in e.coording specific ranlt to
this ~ wblob ..... 4i8t1Q&Ui8b14 trCID S.cuepide.tJ.. qy the abeence 01'
wel,l,..4ltterentiatea .tea cortex. ... l.at border the same width all
~ an4 la'anch lea... abgrter art4 wider. It was MperaW &.
!!t.. ~ 'by the et_ lea ... beiqlarget' end t11r1Uo .. , and the
ohlOl"OPl\Ylleua oel.l. of tile l:ranch lean8 brine tl'apezoid. Sherri~
toU..t..nc Warutc,aott. lat .. work. cle.~ bed the .te. leo1' border ill
S.tallu .. being ot em1al width everywhere ~ widened belOW', in oontr .. t
to Herrell' IJ description, end whereas the latter mentioned the.t the
chl.oroph.ylloue celle 1n lranch leSTes sre sometimes triangular ADd
encloseiI A$ iu a.recurvum, Sherrin describes the tyoicel condition ttu..- .
"Chloro-phyl1oae cells in the lower half ot the led almost
tllwaye tr1Angular in flection ruld well enolosed on the
trapezoid and both 81dea tree."
e.-,dlateral-tri8l1QPlar. The general blpreseion el'1ned tt-an Sherrin's
description ot S,tallL\X is that moat ot :its oharr.oters ere oxtr .. lJ
TM"iable sr:metitnes being "'. in S.cu!Pidatum. and I!IOl1JetiMll as in S.r~
f!.'ri4enoe of the ~tein definition of S.tallax aa .. tuxmomic unit i.
ot cerWn herbarium ~cimeNl aa nrietie. ot S.tall~ s.reOUZ"'Nll
t11r1l1oat ty ot stem leawa and expollll"o of ohlcroplw'lloue cell.)
the c!wP,.oter in4icfI!ting the true 8n4 close rela.tionahip between t.bNe
apecies ~8 the .t__OOl"tex. ..bloh i. undifterentiated in both, tlua
41nerlng trce that 1n the (ua\.ll.y) 8"Ua.t10 s. ~:lchtl!!- JIo.t
autbcra since Andren have included S.tal1u under S.rccurvum a1t.....
cu!Id tting that it often Hsemble. ~. cuapida.tum. Peernsidea considers
1.t to be both taxonanie~llY and ecologically similar to d.reCUl"1'Ulle
'!'he ~"alent new 01' the statue ot membersof l.his ooorp1excan be
--nlled 8.8 follows. There is 11tel. ,1Ucationof the diatinctne ...
0'1 s.OWJpi.da'tu!! and s.r.~ the te;atures used 'by various authors to
41.t1neu-1.sh the.e specie. being gtYen overlent in T9.ble 2l. S.tallu
.... to be interllediate in sa. re~ot. between these twtI eata'blisbed
epeoiea, being , .. hap. nearer to S.reour-rum. and considered gener&l.l,y
to be Il fCll'lll or the latter. s.uiblYp!gll.WIl is collSid""ed either ..
inMaUngu:1ahable 1'~ s.reCUl'YUIIl or as a varioty or su1.>s>;.>eciea
The next Motion of thi. ebn-tel" giTes an account of iU'I'e8tigati0D8
to f'iD4 (1) the ...al.u. ot characters used. in se:}al'B.ting ~.NOUl"YUIl f'toca
a.C!U!plkt-a
(ii1) the oorurtancy .t 00QUI'I"t'mCe of obtuae .tea 1....... 1n
Table 21. Dl~!.~C chAl:~~ez:.!_ot s.cuspide.tum end S.reourwa Aa glfta
Sr .Teri~_ author.
Authors ~Ten am - D~ Dixon (1924) : S~ Sherrin (1921)1
~\. AN1rewa (191~. 6.) J c;. ~Dl8 (1957);
p~ Proctor (195')).
Character. s,ouapidatua ~.recurYWn _t\uthor.
stem oertex lJarge ana thin walled smsll and thick A
walled
well ditrerentiated not or sUghtly s.:D.a
ditferentiated.
Pendent lrenche. more ~ leu drooping 5.1\
not oonceRl.~.:ngstem appro •• sed end
oonceeling ut. D.G
st- leat aJvlPfJ lOnge!" than l:eoa4 rarelY longer tbaIl
troa4 D.P
iaoacele. triengul~ eouila:tert\l to
iso.eele. S
tr1 r'l1'lgulA!"-m't\t. tri~l\1'_linRUlate Jl
at_leat ai.. .... than 1 ... lcmg 1e8e then 1 am.loll8 (J
staa lee" ~ toothed. not lA-cerate nIlcronate. rOUDCle4
"truncate ~S
.... nte4 obtuse-toothod ar
eroded 1)
stemled tilril. present in ·u,,~ halt rarel,y present D.s.~;p
a-anoh le~ ~ ..., u... longer than up to ~ time. longerwia. tbBn wide p
long lanceolate narrow 1anoeolate A
lone lwoeolate to n&rrQIr to l&ooad
mbllat. lUlCeOlate 8.D
... neIl leat leftlt:h land tea.. lJ.r.. ~ ... 1••• than , ... Cl
water f"cnw ~ ...
a-anch led _.. _1 •• ~ina 1mlricat. D
poaition
~anch leat ~UDhtlate UDdulate witil
appearenoe _,a4ing tip. »'A.S
Branch leat bor4eI' ..., o8U. 2 - 4 oell. a
wl4tb 2 - 4 _11. 2 .. 4 cell. A
a-ancb leJ D'4"ain I1CI!Ull.y entire entire A
Cblcropb.y1l oell trape&Oi4 trianlJllar ».s,A.P
a)Iape
OO~.-:U ezpoMd .... on tmCl0M4 on inner
expo .... auter 81lrf'ace aurtace n.s.A.P
(ii) Anelys1s
An assessment ot tho Talue ot diagnostic cheractera in
this OClIIIplexwas o81'!"ied out as in Chapter 4. All ~Taila.bl.e
lwrbal'iUII apeoilMna ot s.tulu and ~ambl.yp!v'llum were exmnined.
together with a l'IUMber or 8pec1mell8 ot each named variety ot
§.r.curwa an4 S.cu!Pidatwl. Greig-Smith (1952) en4 Melville
(1,4~50) have stre • ..a the need tor random sampling before the
application ot .tatistical and blaaetric teohnl.que.. Thi. "u
iIIpo .. ibl.. 1n the oue of the t1r.t two tua Gring to abeerace ot
10Ch1lID8.terial aDd particUlarly to the unoerta1n1yr f4 i4antinoat101l
ill the ftela. aDd ea the priDIery aim ot the inYestigat1011 waa to
4eterMirae the .tatu. of rreYioualy aen.md gI"OUps. it .... of cour_
neoeUU'J' to Uread.Y teterrmlJ'llld mat..-ial. Rerberiua
8p8OiJIna of 8.1'eC1.11'fD aD! !-GWlPi4atua were examined in preferenoe
to treel1ly gathered 1rpeCiM-. as ... e loc.~tie. were ttua r8}:R".eente4.
and the .xtent of yaria'bUi V ani COOlIITenceof Character. uaed
tor the 4i.tinotiOil or nri.U •• of tM.. apec1e. could be 4etend.M4
at 1:be ... tbe_ a1.~ tIM_ red u ezoenot d1.euaH4 wrtU
the tId.I'4 pert ot till. obapt..
'I'he obaJ"Mttera tor whlch the aamrl •• were aoared .... moatl7
ImftCl tr. '!'able21. (p.8". Certain other. ,.... iDC1.u4e4 tor
~ ....... &lTell betc.. In CII"der to obtain a quantit&U ....
••u..ate ot tbIt ~ of obtuM .tea lean .. 2 1.............
l-..a ~ 3uat bel_ tM 00II8&oIIIl each ot , .t_ fd a ample.
80 that 10 young leaves were examinedin each case. The occurrence
ot obtuae leaves 1$ given celcw.
Table 22. .h'requell;OYdistrl b~tion of 0btuse_..!.~em le!.~ 1n
~~'f' Ie l!8.ves from _!1€..E~ ~c.i~.E!
Sped mens d.e tel'1l1ined jJum'berof o'btuae left"'e;! out of 10 Total. runibar
as of aampl ••
0 1 2 ~ 4 :2 6 ..L 8_9-io-' .
S."'%n>~llum 4 , 2 1 , 4 l~ 17 4,
S,1"eCUl"'Wll 20 7 4 1 ,2
&_tallax 29 1 l 1 1 1 ~~,.ou·edatuJll .; , 1 2 "--.._-
Pr8flUenc;y 98 16 1; 0 ~ , 0 , , 13 18
...._----
specimens with 7 or .more of the 10 leaves obtuse were regarded a.a
haTing obtuse leavea. It 18 interesting to DOtethat 10 ~cia.ena
detend.ned u ~. uibl,,yplv11WllhaYe le ... than 4 out ot 10 young leaTe.
The ~ ot the at_ 188.Te8w.. alao aoOl"ed, lllt onJ...y by eye,
u _UUZ'1na even , leavea rrca ...eh of 1]6 apeoiJDenawould haft talcell
too lIloh tiM at this stage of the inn.tigation. JIor 8bd.lar r.uo ..
obHrTatiolla of the •• oharaot... being made later on .. tflfl ampl ••
~ each ot tm final ~CNp8 defined l:tY' the chal"acter analyai.. ac..
authors such as Anar.a, Bearnai4ea and Procter clo not gift 4iJIena1.ana
of at- and branch leaYe8 pre-NJr because they oonaider the .. to
be ot little diagnostic importance.
88
Serration ot branch lee.'Ye8 and pos1. tion of 'l~ent '!:ranches
were soared for use in the investigEltion ot v3rieties or s.cuspidatwa
end notes were made on the habit and colour ot each sample, though
these aharf.\eters ooo.ld oot et-.s1.1;r be T'lUt In D. tcr.n sui table tor
incluaion in the a.nelysis. Tt ws,sn,()t:tc~l '~ru:,t It te...""minaltl le .....s
(i••• about the 9th am loth leaves from the diatal end of .. sprea41ng
t.oanch) ot!!- CJU.Spi4atuJI Yar. ,!!1"'!'s..tum were often JOOre lO8ITate than
the JlBdien leli ...es. and therefore serr.tion was scored tor leave. trc.
both peat tiona.
turing en iJmtstigation ot a II1rtur. ot S.recllrvwa and
~. cuapic18tum f'%oom .. pool near Bethesda. Ce.t-.l"ns..the author notioecl
that the baae. ot l:ranches in s.OUsmidatUIIl were often a darker colour
th..en the rest ot the 'taoanch,. beill8 brown or red in oontraat to the
gl"een or W'hi. te colour of stems a:nd 'tranches. This ooloura.tion WU
restricted to the aubcQl'tioel la,yers of' lrcmches, and was abaent in
tha !!_recurvuDlplant~, so it "NUdec:l.4::~ to score all apeoiJDenator
tld.. ohern.oter. In this ocmneotionit 1. Yer;y intereati»g to see
that Oems (1'57> una oolCJtll" ~ the branch ax1.3 8.3 a diagno.tic
character ter 8eparat1ng !.reCUl'Wll SU'D8}'l. IIlcronatuJa troll IUblip.
!!¥f1st1toliU181 wltortunateJ.y l-A doea DOt mention this feature u....
aubsp. pl?l.tPlV11u..
M menti.cned in the Pretaoe mo.t ot the work desari bed in thi.
theca ... COIIplete4 betOl'. the ptihlioa.tion of GeIH' ncr .. 1D 1~57.
8JW1 the cbaract .. analyd.. ot tbe S,cu!P1datum / s.reourt'UIl OOIIplez
which is discussed in the present chapter W8JJ based on t(yetematic
descriptions other than Gems'. 'J'h1.s is important 'OlU'ticul~rl.Y in
the leana of th~ pendent br~nChds. A'ld.rews (1}1~) Gam8 (1948) aDd
Proctor did not mention th1.s ehl!.racter at all. and '}Jarllstor:t'S
"'81"ious d.e8C'1:"iptions (1900 and 1911) lead to uncertainty 8.8 to the
distr ~'but!on of l8r~ p<relJin this group of speciea. Consequentl,y.
'OCC"e.t:ructure was not included AJII a diagnostic chAracter in the
e.nalysi s. 1:lIlt has since bften studied in detail 2nd. ia diacussecl in
176 spec1:aaenswere scored tor the following le ch.sl-acters. :t1rst
of all using value. inte1"lllllKlie.tebetween of F·nd -. and then groupiaa
these into + or - as before (Chttpter 4 ,Pt 44 ).
A. Dry l:rrUlch lea.,.es undule..te + or ll£\t -
" " " sprea.41q + or 1Jn"tc-icate -
" " " with reCUl'"'f'ed.tips er not
}P. st'!')";D v1..:ilJl~ or!¥)t - (soe.ked whole stem)
G. Co!"t"xd1tterenti.1ted or not
I. MOr~ than 6 out ot 10 'Item lea.,... obttue + (2 le ...,... trcm (tach of
'; .tame I'"8IJIOYeCl f'.rca
ju.t below caae.l tufi)
90
J. stem leeyes isoaceles + or equ:i.lateral triangular -
(-oredominantshape 01' 10 leavea: not measured)
T. Branch leaf border of 4 or JIlOZ'8cells + or leas than 4 cella -
Le Chlorophyllous cella ever trapezoid + or always triangular -
(Section tl"OID lower half of branch leaf)
Me Moat h.yaline cells tuaed ventrally or not ) aurface Ti_
N. ~ine 0811. ever tuaed Yentrel.ly + er neTer -) end Motion
0. Bl'anoh baa.a 'l:row'n. red or dark + • or gt"een to whit. ( ..a stem) -
P. Branch r..0101e. close together + or di,tent -
Q. Median1:ranchlea.,..s wi th border serrate + or entire -
a. Term1Dal 1:ranch leaye. with border .errate + or entire -
(leayes 9 and 10 tram diatal end 01' horizontal 'tranch)
Table 2, (1st enalya1a) ahon the large wmber 01' aignit'ioant
correlationa between the•• character •• tlala indicating the presence of
more than one taxon. A well-differentiated .tem oartex (G~ correlates
wi th 1, other character.. ID08t 01' which are oorrelated. with each other.
et the 15 oorre1atiooa. l~ are signit10ant at the 0.01 18ftl of
probabl1i v. so OIl the buia ot the.e 1,. hlp I wa.a extracted.
a+ (B E • H:t lC LOP Q R) + (C I M N )-
It ahculd be noted hire that on morphological. gI'OWJ4a a negat1y.
cOl'Z'elation is to be expected between trapezoid ohloroplv'lloua oell.
(L"" and tuaed l\Yal.1neoeU.. (1(+ • Jf+) and between aprea4ina
peDd.nt lJIoanohes (B+) and ..tela not Yi.ible. (r- ). The only CUe.
,1
wh.N g+ and F- occur tognh.Z' an where the wt. 18 DOt ri.a1bl.
cluetG the t..c101•• helD«clo .. together. S1D11arlya b~
po.lt1 .. oorrelation betwen M am 11 18 t. be upecn.d. !h.
o.b.araoterot fu8ion of hyaline _11 ..... xpresNd in th1s tom te
sive three alternative upreseiona inst.ad ot the UIN&l be, .. it ...
d•• 1nd to 1nvetl~1gate the ftriahll1ty .t thl. te.ture .. t'tal.l7 ..
pG.sible.
tbe 116 .pac~D8 ..... tollows:-
1l~1" Qt
oharaot ... 0 1 2 , • , ,1 8 , lU 1l 12 l' lA 15
...... t•..,1•• 2 4 10 21 25 14 15 u (; 6 4 6 17 1, 1 ,
.Although the trequen07 distribution 1. OOI1UnUOU8, there an p..u
at 4 Ul4 1) ohU"&Cten. Sf.oiHrJ.a lOoring 10 or _re were re.ftCl
Aa Gaup I, and the 59 spec1mena 00llO.rned were then anaq ..... a
teat ot ho~tl. Seve ohanote1"l could not 'be teated teZ'
.... o1atlon .. W3 ooourrect le •• ~han thl'e8 U.... , but .t tb.
n.-blng 5' oupviaou onl1 two 1M" .icnit1oaDt, at ,.0.05 - 0.01.
J!lat .... MDundulate and Rl'nte tend.nal leave. _IQ' be • obeli.
08l'nlat1aa 01'1t _y adioat. trae .. 8001.10ft ot 1;hne teat ... ,
bld ~a" OR.... anat. _dian awl .erra_ tellllnal le... la ..
De upeo~ .. pnnabll' the !II'" taot.r, 1Mlt pDetio or
_v1Joeuut&1, iaf'luenoe. the deve.lo)laeat ot .. rnne4 1eat arciu
throughout the plant. ta"oup r was tws conaidered to be hanogeneoua.
The remaining 117 samples showed several correlations on a.nalysia,
, signi1'i.cant at 0.01 level ot probab11i ty and 8 at 0.0; leftl of
probe.bili ty (.xcluting OOI"r.lationa expected on morphological gt"ounda).
'this number is considerably higher than ia expected on groun4a ot
chance from 120 oomoe.ri sons, and so more than one taxon DIl.t 'De
present. It i. evident however, that the two or more taxa remaining
are not u distinct from each other ea wu Group r, aa no character
shows correla.tions wi th all the others which are associated in this
~cond a.nalysis (Table 24). A. the corr.lations 1'011 into unr.lated
;roups, the extraction ot the next group of' samples DUst depend on
only a few characters. ....ancb le ....... not t1ye-ranked (D- ), without
reCUl"Yed tips (C- ). len than 7 out ot 10 st_ lea ....s ob'b1ae (I -) •
..and at_ lee.T•• tiwillON (H ) nre usociated at tho higher
+signiticanoe level with isoeceles stem leaTes. (J ) and in add! tion
- + - +C H Md I H ahGnd CC'JI"Nlati.onasignificant at p (0.0,.
l~ aamples he4 all ti....ot theM character. and were extra0te4
a. Qroun II. which was hoatcgeneoua.
significant at p (0.01 and 9 OOl"Nlationa Id,gnit:l.cant at p <: 0.0"
ot which three were onl,y just signiticant (Table 25). 'l'he total
DLUIlber ot correlations t. DOt Blch higher than randclll expectation,
end there ts a pouib:11iV that undulate leaYe. A+ and snreaCl1ng
"
le&YUB+ .. l1lA be UNOi•• tar _ •• 1ec1o.1 n_M. _ala,
it 111to be upeOMO. tilG nDdea "8OO1aU .•• rill HOW
.. Group 11 ne enraoteG _i.~ 8U'l'OW llId.t. (i. ••• on.q the..
• 1IIIlJj1e. w1~ .......i INIlQeZO at oharaown, tift, ... iDol.. 4 la
Gr."" II) .. 'Uiat ple. riehtJ..r beloDgiDc to "h18 Gn", .un
have beeA iDolwlea. in \b. 'lhUd ..q.1a. H.WYeI', 8 M .t ~. 12
oernlatiou.a .. ,.. bet- .. ahanot ... ~ .ignltlout uaoolaU.
in 'lbe MO.. ual.7.1. (Tabl. U). whieh lIIpa.. the uinellH .t _
.~t of nne..... iV ethel' t.haa that cl_ .. Gftup II • ..,le ••
It _ul4 be ,...lble to , ut a Gnllp abazoaoteriaecl _ ~
(:st' ), lIILdlllate (A· ) le with .... 1"H1IIWd tipa (C· ), ...
ri81lale (F+ ) aDl .. at Qal1De M!la .t tUMCl ftD"l"&1q (M- ).
20 ~ ha ... all .t 'Wl_ ohRaoten, _cl a ttaftbel' 28 ha,. teu"
.t the fi... H... y.. , .... f th ohano .... la tuDtl""'lft, ...
.. eal.Y _ ON"nlaUea (.,.uftac 1IiAM lea.... ) la .ipin.at
• \be lewu ,.bU1l1", 1.-1, it _.u __ Met at thla w
oeu1de1' all 101 .... le be Jencj iItde GIRt III.
It 18 lAt at!ac he_ '\Qat ,,_ 1+ • (1 et 10
.Ma l.ave •• " ) 11111_hall lIMa UMCl ~ • '.,.a..'.
S."'ljrIbJll .. Iba.,. .Al7 __ l'Nl&$*, a .... Uft .. , with
_ll-4U'tu.nlaW Gena.
The distrib1tion ot characters in the tlu-ee groups is g1.Tenin
Table 26 a. 1st usesarnent. showing aignit'1cant depat"ture from la 1
ratio. The distrirution in the 48 aample. which can be separated
ott tram Group In (Gl"oul;! III (1) ), ls also shown tor comparison with
the remainder, GroupIII (ii) (Table 26. b). NowIn (l) can be
separated trom III (ii) ~ on the baaie ot six charActers, B end C
which show absolute ditter.DOe. in the two eectione, and A. P, L and
N which are indifferent in one ot the aectiona. Hcnt'tWer,the min1DuDl
signifioant deTiation tram ~l ratio tor alternate ~essions of a
character 1. 8 tar both aections, 80 that in III (1) the deviation
in charaoter C. (:n. end aimilarl,y in III (il), the deYiat10na in
characters L and N, (10.5). are on1..Y jwJt a1gn1tice.nt. Thus the
onl,y character which relDaine to distinguish theae sections 1s spreading
or 1ml:rlcat. 'trench leaT." which 1. harcU.Y sufficient, eapecially 8JJ
JDaI\Y plants ehoIr both conti tiona. The adTiu.b111 ty of recognisiDg a
single Group III will be d1acuaeed turther when the distrl1:ut1on of
1ntermediate character elqre88iona i. conaidet'ed.
It then remained to detine the lild. t8 of the gl"oups!nOr. ol.arl.,y.
All ~c1mens were assessed tar the three groups, points being gi.,..n
tar a typioallY !ll"e.. nt GI" indifferent charftcter, in api te ot the
adTantage that this pt"o<*lure gaTe to Group II which hIId tour
"indifferent..,. The following char rJ.cterswere aa:l. tted "8 the, had
the Bema expression in each gt"oupI-
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5-ranlced leans. stem visible. most hyaline cells tused, and
median leAYes serrate.
The 176 specimens were divided into gt'oups flccordillg to
their re.tinge 'for each.
Giroup I II ITI 1 & II II & III
Number of specimens ;6 64 4 17
It is signi.fiCAnt that there were no intermecUatee SCoring the same
for Groups I and III. illldi.cat:ing good separation, while 17 specimens
had ecrual scores tar the closely related Grou'!)sII and III. The
JD08t striking feature is that while Group I bas reoudned more or
le •• the Rame, twenty samples have been transferred to GI"oup II from
QIooupIII, thus confind.ng that the aM.tens. used in defining Group II
orig1nal.ly were too severe.
In Tsble a) c, 2nd AssesOMnt, the distrirution of characters i.
ba.aed on these groups, om:1tUng the 21 intermedi.e.tes. The onl,y
change in diagnostic 'Yeluc ot the charr:cters is tNt lenns with
+rtlOUr'Yedtips (C ) are ,.. ohar8.oter.htloAlly present in Group
III instead or being in4iN'erent: otherwise the Groupsere defined
.. before.
It is u.. M at this stage to 0ClIIIf>a!'e the rumbers ot ditt'erencea
and II1.m1l8l'iti.s ot oharaoter e:q:res'3ions in the three Groups. as
detined in the 2nd A.aseaaaent.
Table 27.
Differences Sirrd.ler1.ties
I am II 5 , 1
Between
+ Ye /indifferent +Ye/+Te ind1tterent /
I and III 10 1
II 8M III
Tb1. I and III U"e moat distinct. while II ha. affln1 ties with both
I and III. At tirst sight II &T-rpe~r8 to haft lIlOl'echaracters in
OCtIInOnwith I thlln with IT! (61, ) ilut in only three of these,
(cheracter. C, If. J), does Group III have the absolute COJ'lYerae
(~xtre8a10n. wherea.8 CO!UIidering Croup. II and III together, in all
their 'tiTe similarities (:&:.G.K.O,R.)Group I has the absolute conTer.e.
Also the raunbeJ-et abaolute differences is 8"'8ter between I and II
than between II and III.
This lleoond asaeBmoent gins equal weight to aLl character., 110
a ~ Aaaes~ ..... earrle4 out giving .0 -point. tor eTery character
which was typically JlMt8ent in a ~peoimen. and <me for a character
typically inc11tferent. All the tour apec1.menawhioh had scored
er!Ually tor Groupe I and II then tell into Group I. and certain
.other apeo:lmensweroereallotted to difforent Gzooupeall indicated below.
Tu.ble 28. H&-ellooation of ~es on_~e of ,rd A.sessment
....Grou......._p _!_ II III II and III
Number.5; ~:' 64 7 (II cS: III)
a.n4
origin
ot
MI8pl.ea
+ + + +
4 (I & II)
+
4 (II) 1 (II " III) 8 (n " III) 2 (I)
+
1 (II a III)
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The nine doubttul aemples. together with those transferred qy
this last asses~nt to other groups. were further examined to see
in whioh 01' the two groups they tell. This 4th Bsse8sment took into
account only the absolute character differences. and it a sample was
still. of' uncertain aft'im ty. reference was me.de to the original data.
where 'Yru.ues intflJ"1Tlf:!ldistebe~een "present" e.nd tf absent" 'fNn"erecorded.
:av thelle means. ell snec1menllwere ellotted to one of three groups,
the distri1:ution or ci'~f1,cters in. which ia g1ven in Table 26,d, Pinal
Aaaess_nt. No l"Jrther cn'Ul8f' 1r1 the signtf'lcance or character. baa___ ._. ._
oceu'!"r~. so th?t this Table may be considered to indicate fairly
e.ocure..tely th~ disgnoatic characters 01' the three groups. That the
gr~UI'8 98 so d~rined are distinct is shown ~I jcint a.wUyse•• Groups
II end III together consist 01' virtuAlly the anme aemples BS were
tested in the second analysis. (Table 24). I':hen Groo:!) I (60 sample.)
and Group II (~, samples) are considered together, well-differentiated
ata cort<tx oorrel~tt-B w:f th fi.T8 other oMrncters, f\lld for GrouP8I and
III, this teature correlates with nine other ohiu·acters. ell at the
higher aignU'icAAce level.
ANJJ.ys1a of the ansl Group In ;u'one, which has 20 SPecimen.
lesa than the original Group IT!, l!lhowathe follcming correlations
(trau Table 29) 1-
4 significant at p (0.01 oaapered wi th ~ in originel (}roupIII, " If P <0.05 .. 9 .. .. .. "
Tl'I18the Group is still sanewha.theterogeneous l:ut it is impossibJ.e
to cliTide !t into well de.tined sectloM# parUculerly as there is no
melonsof deciding v{lv.ch COlTelations result from ~l1Uine association
ot char1.l.cters typical. ot one taJl:on. and which Bre a. result ot chance
e.ssocia ti on.
Aa mentioned Elbove (.0. 95 ), Groups II and III are closely releted.
the only characters haTing an absolutely different expreesion in the
tl'ro grouns bei ng recurTeClleat tip., ani f'ilrillose# i 8080.1ea at.
leaves. Tho extent of' T8%'iabi.l1ty of these pm other charaoters ia
shown in the table ot diGtrirution of interm.ed.is·te scored Talues
(Table ~O). It (...) 'Ynlues are included with -I.• only three obangea
in the diagnostic Talue ot cneracters 0C0Ul". al.l of thes. being in
Group II ('l.'eble ~l. belc::w). Thi.., 18 ~rh8:pw only a result ot there
being a amaller mmbel' ot aempl... in this Group, rut may be e.
reflection ot the lack or detinitil1ll of thi. Group as a ta.x:oncm1o un! t.
Table ,1 Predcmlnant exoresaiona of three characters in the three
GrO'J.'P8. base!_2!!~tm:~n!._~~n..1.~_ot ~tt ~g1nal scor.s
Ch8racter Including (+) with - Including (+) with ...
: Groat' I II. __ }II __.!._ II III
I
A. Lea..... unaulate ~ .. nt
i
110_4 Uj>II \ .._t
Cortex \
d1rrere~tiatedlpresent
inMtterent pt'esent present E••eDt pre.en ..
abeent ]:l1"'e8ent a.beent inditter-
.!!!!. pre.en",
absent abeent pr.sent in41t1' .....
ent abeent-
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It 1a s;pparent that cbara.cter C, recurftd leaf" tips, 1a DOta aoc4
oriterion tOJr the 41stiaotion ot Group. II aD! In and 81thou.gh a
partly c1it'terentiate4 at. ccrtex (G) 18 present in abouthalt ot
Qrou.p II aample., it ooour. qui\e otteft 1n Qroup III (aee Table ~).
'!'he charaot ... ot 1.. cel •• , t:l.l:rUlo.e atem lea..,... remain to separate
QIPou.p II frOlll Group III, thou&b inte1"mecl1atescores are oc.aon in both
&roupa tt1ft' the .. character ... i. ahcIIm ift the tollowing extract
!'abl. ~
(ex parte)
Or1&iDlll aoore. ot two ohara.ct ... in a.e.ci- of the
l"inal Group. II and III
... • ... (.) «+» -
(-) - --_.
He J'i'trila tr..ent II 10 , 14 4 2
III 7 10 14 4,
J. ate. lea ..... II 11 1 14 2 7
11108081•• III , 4 72---._
At thia point it i. uaeM to ooui4er the ,... which ahoul4 be
allottect to the.. taxa. Group I 1. obriOllal.Y s.CWlpiclatulland i.
w a.talla tbcqb it ia claabUUl wheth .. it i. autticienU7 4iatiD8t
rank. s.-bl.lP!V1lu11 ia ~p4 with S.re~ it. ~
tiapoatio ohaztaotor of obtu.. .tea lea..... beina OOI'relaW oal,y wi th
an UD4itt .. ellti.tecl at. ocrt.z (.. e Tabl. 29), which raq er mq iIot
loo
be a true aasociation. The pt"oblemo~ the heterogeneous nature o~
Gl'oupIII will be reconaidered in the light ot Gems' 1957 cle.aait'1cation
'tut ta,ro the moment. the occurrence of characters in the three main
.. oup. defined 'ttY the analyee. 18 g1:"n in Table ~2, (p.10l).
Be~ore aoing on to c..nsider the ouanti t.t1:" data obtained trom
thY. ~.~ 1t i. conyen1,.nthere to 4iacuaa on interesting f.ature ot
st_ ocrtex differentiation 'Which ..... noticed. during the sample .ooriftle
It 800n beC8M apparent that two types ot differentiation occur. All
~8D8ftr .... ctions aboIr that the peripheral layers of the .t .. con.s1st
of .lightly larger cell. than the lrmer le,yera. In the t'1rst type
ot 41tt .. entiation. touDll IIOst otten in S. cuspi44tum specimens. the
oat.. ccrtlcal lqar. oonai.t ot usually Dalch l8l"ge1"cell. than the
aub-OOI"t1calay.... which mq er IIIa.J' not be thick-walled. The
oert1oal .. 11. 8.TJP8Arto haYe thin ...alls (ct. Andrew.. 191~ .. Pe 4)
becanae qy OCIIlpari.on with the unilerlyiftC cella, they ha,.. lIlob lars-"
lWlina. (Pl .. 1,..,. In the .. cord type et d1tr~.renti8tion (s.re~
~_) the ccrtioal O8lla ere otten not mob larger then the Mlb.
co:nte.l "11 .. ana the outermo.t 0811. '/UY be ,ute small. Dltterenti8.tioa
1. appanl'lt when the aub-oortical cell. are thick- ...elled. (P1g.1, b).
but wbID th... 8ft th1n.wallec1 aDd tm. ot larger lumen, they ,.de
iJrtot the outer 1..,.... 8JI4 the ... tez i. apparent1,y un41tferentla~
(Pig. 1, .). Pi. 1, .. IIhon a .tem MOtion of S.pul~ in ...h1.ch
4itt....-tiaUon of the cc:rtex 18 ot thi. ..con4 (Se NQ.IJ"'fUII) type.
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la ~ ohanot.1" anal¥.ia, DO d1nlDotien ... II&de be~ ... th...
_ t".. .t d1tf.NDti.U._, thouch it ... DOted in the initial
.. ol'lDc. It 1. .1cn1t1oad that iD the t1aal are•• , .t the ... le.
ath dJ.ttelWltia'Md _ria, rt .lIt .t 21 iD GreupIII, 14/16 illGreupII,
Inn .Ill;r 2/" 1a GreupI .. re .t the MOODd "ne. 'rh." "ed4"
.... 10. b Clre", I ......... 1iC1Da117 "tOZ'ldllecl.. S.!1I!R14a...
ID4 ~ ~. ~t tilQ an iDoeftMtlJ ,1Med ill t.h1a Gl'OUP.
Chanoten (ln1lp I Gnu» II GnUJI III
S.O!!Q14at!1 S.tal.lM s.not.1I"YUa
BnMh lea.,.. 1m411late abMt al..,. aben alap "17 .fta
It " .,nll41Dc &ben al•.,. 'ftr¥ .n. .,..
It " IWOUI"ft4 .... :IaM .fta YUJ.tHa.. " 5-nUe4 ftI7 nnlJ ftI7 nnlJ ...nbea
,___ ltl'UOhe. IIpIU41Itc •n- naq aarii8a•
8.. rid_le al..,. ~.n. abHt alap
Oena utt ..... 1aW .-n al...,. .fta -'bu
ata lAfta t1brille .. aDen &1..,. 'ftr¥ .n. ....tw.s_ 1M,. ... tba
6/lJ:J .Ir\_ MWI' ....., IVelJ .ftea
8.. le..... 1...... "I'J .r.. "17 l"aNq
llI'aDob leaf be .....• t
•• U. u.n &1..,. N17 nnq "17 nnq
Chle~llou MU.
tn.pe_14 alMn &lap .n. ...ni8a8
...... b¥alJ.De .. 1la ,.... ...,.. "17 nnl..J nnlJ
lQ'alJM .. u. .vu ,_. ftI'I .... 11 .n. ..., ofta
IIuob ___ .... ..... am,. ftI'¥ .....q nn1.7
fuo1elN .1He .ftea ...ni8a8 __ :1M•
...i.. lea.... nate ..... ba • M"" ...... 1'
!eniul lea.,.. ....... "'17 .n. YV1 nnq ...... 1'
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(iii) Varieties or s. cu!pidatum
Warnator1" reoogniaed fiTe Tarietie. or Se ouapidatum.tour ot
which were ~ tish and therefore deaCl."ibed by Sherrin. TheM were
T8I". taloatum Ru8s.. Tar. 8\l1mer1lUllSch1.mp.. Ter. plumulo8WllSohimp.,
and Tar. plumo8UlllSchimo.. The latter Tsriety was credited by
a-aitlBra1 te (1880) and warnatart (lill) to Nees and Hornaoluch who
publiaMd the name in BI7ol0PO& Gerll&nica in l82~J Scbimper dnClribe4
the yE;l"iet,y in 18'7. s••erratua Aust. will also be considered here,
t t is aoccrded sp.cit.t.e rank ~ warnator1' (1911) end Yarietel. rank lV
The.. vArieties are separated partl;r on 'trench l.af dimensions,
ea cf... on p, 14 • and partly on Taz1.ous JD0rph01ogieal chAract .. s
awm .. post tien ot 'tranches, serration or the 'tr8.1'l.Chled' JlW"gina.
a.D4 whether er not the lrancl». aN talca_ly curftd. The Taz1.abill t.Y
of lreDch position".. examined c!uI'1ng the S.ouapi4atum - S.l"eCUl'WII
&rJal;ra... Sberrin'. 4eacr.l.ptioaa (p.42-4,) are as to11ana-
....... taloatu. Pen4.nt 'tranches slightly .. aleer than
~ branches eD4 41rected dawmrarda
at an aout. anal"
nr. IU~" TWo.troDgw lranchea eltgbtl,y curn4
4a.rmrarU or straight and st:rea4ing DearlY
ixr1zontel17. the pendent 'tranches obliquely
4iNotecl ~ floca the st ...
yar. El'_'" ) .All 1&"""s _ar],y equal, BJrea41ng.u.oat
....... 21'-" oem) bariSODtal.l.7 floaI the .t..
When the specimens were 8C<lreCl tor the nnelyaea. the pendent lranches
were noted .. "apreaiU.ng" of. • or "pendent. Dear to atem" - • with
tAten.41.at. nlues. The distrib1tion ot scorea in the tinal
Gralp I (S. oua;e14atua) 1s sholm below.
Pendent lranchea spreading Bl"ancbu pendent
of. + of.
(-i -
Mabel- at
apeci'_na 27 , 16
I
(+)- -,
Tbare 1. a fhip pl"OPCII'tionO't int .... d1at. 'hlu•• shmr1na that this
l
ts a 'f'arialbl.. Ghar... ter 41tt1oult to score objecti:nly. Table"
,
bel.GIIr, abGn that al.l. yari.U .. bad a_jeri t.Y ot ~c:t..ena with
,
spr .. aiQl lraracbea.
Ta~. ". mstrilutioo ~ accres of peD4ent l:ranoh poaition within
the J'l.8M4 nrleti.s ot s.ouap14atwa
BraDChN ~ Branche. peDSent
• ... ( ". ( .) -.(-) - -
yare tal_tulia 2 , 2 - 4
yare au~1IUJl 4 - , , 1
Yar. g_,.. 10 1 2 2 -
Yar. Rl\a1lo .. 4 1 , - -
1-HZ"r •• ,(1nclu4iq Yar. MI"I"Ulatua) 4 - 1 -
!hit cbaraotao ... tb.la oon.14...a to be ot 11tu. yalu. f'rIr
41.t1notion fit taxa. pariioularl.y .. it .bcJnd DO CCII'ft1ationa
with other character. wi thin the Qroup I apecimena.
104
Meat. l:ranches and serration ot 1::ranchleay ••
TheM two cMrp.oters heTe been considered diagnostic ot Yar.
taloatwa and s. serratum respecti ...el.Y. rut remarks l:w yariou.a authors
auggeated that they might be directly inf'luenced by habl. tat conditiona.
eapeoial.ly the presence ot water. Trua WarnatOl't states ot Y8l".
taloatua (19U. p.~"that it is "~tige SUmpt-, .elten W.. sertorrll'
aM of "f'U'. aubler .. (p.267) that it ia "H8Utige waaaertor-.. 41•
..
den tTbergang 'YOn Yar. tal.oatua DJ. nr. plUlR08Ulll bUde1:" (otten a
plaoaua). a-aitmre.tt. (1880) hDnnr, at.ted that both nr.
J)l..u!o .. aD4 nr. tsloa.t.. were U8Ually alblDerged in deep pool., but
that the latter 414 ahDw tranai tiona to the type. Ira!tt.ai te
Mnt10ne4 the tCll"ll with serrate leaf margins only 8.aS.lmto11\8l
'Yar. plumo.., thia suag.sts that only the immersed torms haft
charAoteristio ot acme, but IIOt all, a.quatic s. ou!}?1datwa. ana in
.... reg1.ou, the Hl"rat .. l.aft4 tara i. daad.nant to the exclusion
yare ..-rulatull in roa4ai4e ditches ot the ooaatal pldn ot North
The 41s1:l"'1rution ot the chAraoters ot talcat. 'tranche. ana Hl'T.te
and trench lent di.m8ions JIIlchmore tyoiceJ. ot Group III). et the
lrAnCh lesTes serrpte, end 8. further 20 had ;}ust the terminal leaTea
serrate. I\a only 11 specimens each of labelled var. tBlcatwn and
s.serratum Md been exAlllined.. :tt W8.S abundantly clear that these
cMracters were not lim:t ted to their respecti Te taxa as nreTioual.y
c1eterm:l..ned. If' howeTer. the characters are diagnostic of 41trerot
taxa, they ahould ahoIr 8. negatiTe oorre1ation wi thin Gl"oun I apecimena.
Joint occurrence ot faloatel:ranches and serrate leaTes waa oalculated.
end it WAS found that a neg8.tiTe oor.rel8.tion (p r:: 0.05 - 0.01) did
in tact exist.
Beosuse of the lX)sai bili t,y th~t theae cherF.!.cters Ddght be
oozo:r.1atedwith emir~ntal oonditions, he.b1te.t data were oollectecl
trOlll " ot the Group I spec1mans: unfortunately detBils were not reoorde4
tOl.' the rem"in4er. The c1iatriblt1ona of the oharacters in soecimena
from diff&rent habitats are ginn belOWl-
lmmber with falcat.
l:ranohea
~ .. with serrate
l.ans
7 8
4
I" appel.lJ"au thou.gh serration is linked with eub:nergenceand
taloation wi til exnoeure_ rut comper1..onbetween the habitats i.
c1ifflcul t becauae ot the gr-eB.ter :number ot subnerged. SAmples. A
1\:rther 16 samples ot .§.!_~~ gathered from exoo8ed habitat •
.... scored fer the two chsr~cter._ the finsl d18tr1.but1one ot which
are shown belOl'l1-
SUbDerp4 Not subaerpc!
~ber ot aampl~s 2; 24
Palcate branches 7 2,
Serrate 1.aYes 1, ,
Arr:rchar."cter can be considered typical ot p!<'nts trClll a
particular ha b1tat U· it oceurs 1n IJign:U'lcnntly more than b81t the
.~1.8 trail that heb1ts.t. on this baai. it was calculated that all
the d1strUut1ona tabUe.ted abo'f'. would OOCUJ" ~ chance le •• than 1
in 2.0 time .. eo that aerret.e lean. can be considered ohsr~oterist10
ot eubDergedp1rnts and uncharacteristio ot expoaed ones. wtd.l. the
opposi t.~tl:"u. t~ talcate lranohea. It should be noted that in
oaly one of the .xposed spec1.mena were the median as well as the
terminal. lranch lee:yes MJ'rate. while this was .0 in 8 of the 8lIbaerpd
ODe.. In a4di tion. 9 exposed .ample. showed TfJr'y rudimentary aerraUon
ot the terminal leaYe" which doe. not attect the aignitloe.noe ot the
r.aul. t sa it would be wuau.al to haft DO intermediate st8.~" '!be
tit:r ... noe between rudimentary end di.tinct ..-ration i. Ulu.trete4
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It ia impossible to define fm3' Ter1eties ot S.cuspidatwD on this
ew1.t\ence. A charncter such as brAnCh position seems to be Tery
n.rlable, and tnlcstion ruld serra.tion are suspected ot being regulated
1:tr emironnaent. Other ch<Jr8.cters such as oompactness ot heb1t, led'
length and size generslly are also likelY to be intluenced by hab1 tat,
a.e suggested by cultivation ot s.re~ For the moment then.
Se cuap:!..4atumis re~arded. flS a single taxon. and nuanti tatiYe data
. diacuased overle.'~.tYel"e obtnined from Group! 3T)ecimens without
attempting to subdivide these.
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(iv) The T8l.ue ot quanti taU.. cri tar1a 1n thi. caDplez
Quant1taUYe meuurement. uaed diagno.tically tall 1:roadly into
two gl"OUp., tho.e reterring to aize ot organa, giYen uaually as
range. ot length (e. g. Gems). and tho.. d•• cribing shape. 1•••
propcrtion. without re1'erence to nu (e. g. Proctor). Sale author ••
such u W'azonatort. gift lIIJ'lgea of Tariou. dimensions so that both a1ze
and ahape aN recorded. Moat author. gty. the.e detail. tor branch
and .tea le.....
(a) Branch leaYe.
Becau.. ot the large WIlber ot nmpl.. inTOlYe4 in the .tud,y ot
thia speci .... oc.pl.~ the .8IftP1. aize ...... rec!uoed trc. that reOOJllDeMed
in Chapter, ot th1. thesi.. Initially. 22 specimens were .. leet_
tl"... ach et the three t1Nll. aroup.. an4 t1Ye .t... ..lected at r8.l'l4.o.
trc. each specimen. :rrc. OM raD4a1 branch trocm .ach .t ... tlw two
M4ian leaTe. aDd l.a..... mabeN ~ aDd 10 flo .. the di.tal .D4 were
rSDOTed. Tlua 10 MClian leaTe. per ampl. nre _uurecJ. and althcugb
the 41melUI1 OIUI cannot -properly be ~ere4 with tho.. gi....n l:nr other
author. beoau .. o~ not bcIw1q w:bich 1.......the latt .. Jlleuure4. ach
data are OCBp81"a'ble tbrougbaut \be pre.ent irmt.t1.gaticm.. 'I'he
.ab-terminal leaft. were _uured becau.. frOID superticial ezam1naUon
it 1t'U thculht that the loaaw than ..aian leaye. in S.cu!pi4a.twa
and ahcrt .. than _dian l e. in 8.rewrNII. In all cue .. length
l~
and lread.th at widest point were measuredwith a maraneter eye-piece.
(The UN ot the Projectorlux and grid mentioned on p. 1~ was onlY
quiclcer 'Whenwidth at a point other than the widest wu needed).
Three seta ot data were oalculated tI-om these meaaurements. an4
! teata pertcrmecl using sample _ana ot the three Groups, to deterDl1.ne
the aign1t1cance ot deT1ation ot Group meana f!oom one another. Theae
will be diacusaed ind1T1dually.
1. Median led lenat!
The f'l"equency diatri bution. ot lengths ot median 1"""8 tor the
01..... at 0.' ~ interYal.. Ther. are two points ot intereat, the
firat being that elthough Group meana d1tf'er aliptly (S.l"ecu.M'!a!,
- - -L • 1. 78 ... J 8. tallu. L. 2.22, ~. 5!"§idatu!_, L. '.0'') the
range. OftZ'lap COIl81derably. particularly tor the two tir.t-mentionecl
taxa which both haft peab at 1., - 2.0 ... s.CU!pidatum Ihotr. a peak
at 2.0 - 2., ... eDd ha. puot ot 1t. range abon 4.0 -.. 'Which1. the
gzoeateat l.ngth reached 'tv median leaTes et the other Group.. BeC&l8e
ot the cwerla:pp1na ot r ...... ! te.ta"... not worked cut ter tbe ..
data, u leaf' length &lODe can be ot little diagnostic TalU.. It
that .. paration et Tart.ti •• on thi. c.haI"eoter "u iIIpo.a1bl ••
110
'rba other inter •• tin,; te ..ture i. the occurrence ot aenral. le .....
loquo than ,.0 ... ln s.recurwa and S.tallu. ln contrast to Qua'
.ta__ nt (1,". p.e,) that S.NCUnUII ... l..to (including 8.~allaz )
baa 1........ le.8 than , ... lona. Habl.t ..t detaila .... recorded
tar ..bout halt ot thea • .-ple. 1rl.th long lea"8. which were tound in
all .. ea to be aquatic. '!'he influence ot .. au'bnerged habl tat OD
leat length will be 41.owaHd later.
2. Ke41anl.at l.yth I w1dth
H1.tograu (Pig. 16) fd yal,u.. Id l.ngth I width ot lntiY14ual
1........ nr. oona~cted as betore. Theycont... to the .... aeneral.
4itteruae belna 1:Mare ..- ranae of length /width ratio. partlcul.arl,y
in s.Oll!Pi4a.tu.. Th1. ia to be expected becau.. et the analler
ftriald.li t,y of leat width oampare4 with l.ngthI .. teature "Moh wu
1I01:10e4 ln pre1ia1M17 lanatip1:tcna of ,. ouapi4atu. (He Chapter ,
p. 18 ) '!be rem 1:. of t te.t. beu-en Croup _ana are clYenbelCIWI--
qrcupa .ana 1: p
1!!'!!P1c1&'" ,., 7·fj7 1.0e00l
!-tallaz ,.,
Lcuaec1&tua ,., '.97 <0.001
S.l'eourtWI ~.l
s.r~ ,.1 ,.06 <.0.01
S.tallu ,.,
Tlua all Qrwp .... ot .ad1an l.at length I width }roportion are
Id._n oan'1:l7 41tterent trc:. .aoh other. al \hou.gh S. r.CUI"'f'\Ia an4 s. tell_
1U
an li&a1f1o-" oal7 at the lowe pnb&b111v 1.... 1. Beo&UM.t the
.YWlapp1ag .t ftDCH th18 t••"lIft 0_" _ oou1clend .. be "17
bpenarn di..,..nioal.lJ bd nih nt.nn" te it. \1M 'b7 -'her _thon,
1" la 1ntenatu.. te ... what • 1up nDP la ooveNdb7 the pn.. t,
...,arativeq....u ...,le.
PI'HWI' (1955) p.,.. neue. t.1' the pl'OpOni_ .t leaf 1eaaih te
w14th, theM IoN IIboa M1ft, tep~1' dth tipn •• bta1De4 1'Iu tbe
, ...... Sa... n1pt1ea.
pNp8n* pftll Pel'oct ...• t PuoaUce .t
b7 PNOter ...,1. __ ...,le __
tdUne talUnc .ut.lde
w1thiD hooter'. Uld.t.
PRater'.
llId.t.
s........ _ ~.o- ,.0 18.2 PlR
~5.~abe...
16.4 abeft
50 aMft
a.tall!!
I..... '.
., te ,.0
,. 1II4l- leaf l!!dlldlml teniDal l..t l!!dl withia 1n41Y14!a1
bnMbe!
f.bHe ftl_ oalo1alaMcl tel' HOb bftlMlh (__ .t .. lea.,..
Sa ,..itltD) tbIa ...,le ..... 1M:Nderi"" fin tu... ~N"
__ ftl_ .,1with oun.,....t", J:Nb&bll1t1eaan pYa _lMh-
a.... __ 1 ,..Se'mr- - 0.1,+ 0.7' 7.' {O.OOl8,t:
8........ - 0.1, ,., <'0.0018....... + 0.72S'ran:- + 0.72 0."+ 0.7' )O.~1.1.I.
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The heq:uency distril:utione of Talues tor individual. l:ranche.
(110 per Group) are aholm in hi.togt"8118 1n Pig. 17. where the TalU"
haTe been grouped into oluMs at 0.' DIlle 1ntarvala.
It C$l1be .Mn both trOll!. the b1.tograma and tbi'~ teat. that
8.CU!pidatua differs trcD !!.!:!CUM'UII end 8.tal1u in that the _b-
terminal l.ue. iu the tOl"Mr .. 8 often aa long ea. er longer than the
..aian leaft.. From this nidence. it la t.ntatively atggested that
this ohe.raoter uaually lDdioate. S.ouspi4at\lm. lut that the oomv ..
baa DO dia,gnoatio 1mportance. BeoSUII8 ot the uauUl.Y greater length
t4 ..aian leana in !!CU!Pi4atu. ea OOIIpaI"ed with the other taxa. it
1. pos.ibl. that tl"equttncy cH"tr1lution 4iagl'_ ot terminal lefLt
length tor the three group. would aN:IIr ... ater d1aoontlm1 ty than is
aboIm by et thR ..a1an length., or ..uan - tend.nel length clistrl butlcm.
This T)()int..... not iDYeatipte4 turthaI" here, partly becau•• ~ que.tiona
ot tiM, lut part1oul.erl,y 'beoeu.a.of the atapeoteri influence ot
.rm.rcm.nt on leat lencth. 1'be ailtl vation _reZ'iment. 4e.cri becl 1n
Chapter 7. lDOl.u4ed l .. stlp.tlona OD chanp. in Mdian ad terad.nal.
led length &II well Aa obaD&e. in leet proportion.
(b) §_ l!!!!!
)lost -.ather. ~ .. to the abape ot st_ 1.... a. "i80aoel ...
trlaqulU"", "equ1la .. a1-trlftD&Ul,.... or "lin,gLll.at... &nil in t_ ohan.ot ..
enalyda, ... leat abapea "... aoared on the .. d.tini tiolllf· Andr ....
de.cribe. S.OU!Pi4atua 1..........tI"1enaul .... O'ftw aDd (! recunwI1
1U
u t~11Dplate lnI\ th.. ten. an nthel' .,.... ea4 1.....
s.,uaibJ. ... Il00 .. ...,J. •• bjecn1.,.l,y_ 'UWI bub. G_ (1957)
......... s.nouna l11b.,. aablD!qU. hH the ethel' lubapeo1u aDd
:tfta 8.o!!l14&t_ 1»1 'the tOftll' haY1Dc 1... lJDplate leaYe., wheN..
la the lat'Mz' 1ft.. the ..... 1.awI an 41ri:1Dn17 tapen4 1iewud8 'Ule
.,.. la the 176 apeoiMu __ Md., all the .t•• l.aft. tapue4 WnI'd.
tile .... aJM1 eIll1 a t_ ..ulei 'be d..aori'becl u ..,. -triuplar - l1Dplate",
it the lattel' tel'll ... '\bat tOI' the putel' pan ot the leat. the
.u. an nn1cb" M4}U'&llel, .. iD S.nbeU.. 1D4•••• the
pa4&t1ea .t 1e&t ..,. tftIl .. ui.l.a'Mal-triup.l.aao ... triup.l.aao -
11aplate (.. s.. W ... n.....1a ftc. 18) .... 1.. cWnoult ..... N
... at all.
All .,..~ .t ..... lea.,.. _" theNte" aoeNcl AI 1.... J.. -
.~ ~~ la 1nd ..... tb1I ---lAter la _
""""_"j.ea .. will __ Itriotq .,.aIdac, the _Id .. \11latenl
__ aU aide •• t ..1II&l t.Ph. 1114lIMoelH -- lU ... 11al
11144Utenet b»a .. '\bin. la ,ncrU.oe. 1t 11 that __
& leaf iI cIe.. I"l'be4 .. "1ae le.. ~·'. the .....• u.. an .. ua1
.. MOh "_I' aDd. lap.- tbaa bAle 1Ibe" the l.at 11 att ... cl, ..
tbe Ii4u an I'&ftq "riel' til.. the MM. !h.. ~vcJc1DC 1'7 •
aleM, 1t iI .....u.r the axi_ lANII'h .t leat (1••• ~t .t the
b1ucle) whilA ... ....,.... with tbe width .t the __ , lad 11' 1..ptL
PM"4 ., .... wi4tbt tM leaf 11 de.. l"lM4 .. s..••• ~. la_
.. .uatual triencle,' he!&b" le lee. thaa width .t tbe .... b1lt thill
U4
was 80 in only R 'Y"y tf!lfl of' the lunClred.e of' leaYe. _uured tor
tb!s etua.v. and. leaYes "... scored as equilateral "hen the length
equa].led 01" cm1,y lIliahtly exoeecled the width.
was and 80 , leaves (one per stem) were lDII&a1I"ecl Ire. .ach of the
matogl"M1S of t:r.quenoy 41atr1 but10n of length,lw14th propcrtiona
within eaoh Group ehoqd ftl...,at oanplete overlapping of ranges
(Pig. 198.)1 oomb1_t10n of th... figures gave a. diatrHuUon ahorina
.. peeJc at 1.~ - 1., and one "t 1.6 - 1.7 (fig. 19 b). Thehigh
ana til·.~... .~ t4 S. lallu tound to ha.,•• low l.ngth /Width
in the transter ot the .pect.n ~ S. f'allaz to s.reCU!".!!!e The
.... wu true ot .-pe~_ ot 8.reeuI"YUII t0tm4 to baft .,.ubat..__...~---
i_.oel.... tr1a.naul ... 1......
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variab1l1"Z .t leat Ih&pe w1thh the "aura 18 &Rui".. aD4 DOt a
!'en1t ot wnDC iDo1uaioaot .,..1Mu cl_ te 1Doe1'Nri --riDe tor
th1a CIllanoMr. beo ..... all tu a,eoa.u ot thU Gnup Mow a ra_bel"
ot ethel' h~ oel"l"elaM4ohano'hIn.
'!bue ... ·SnM the Pftblea fd deeUbs'" .ip1t1omoe Jdcht
-. nta0he4.. leat..,.. Aa aa..t all lea.,.. aN nl'iotq
..... Mlee _ ....,. ....... te tU • ftl_ UY141Dc"etu11aMnl"
(w:I.ftb aa.n ·lU. 1..pb) tRII ·18•• i1M"(w14th .. leu tua
~). Pi.,. lea... _re ...a1IN4 tIoa oaohot the etheI'lJHs.-.
ot (I.... II aD4 ID (S,tall!! ad S.NOlII'Y_> aDd t'nII 11_N.,..~.t 8.0.."....._. Sha,. ... heN apN.MCl as leaa'th-w14th
u tb1I .... uiel' _ oalo1lla_. aDd. ne. 20 ab... the 1'ftta1lU07
41nr1lnRieIl ot •..". __ • !he patten ot diatrilnrU_ la tate
__ .. IhRa iD ftc. 1, .. tho .It nriJd.nc to&1;\II'O boiDe that nl.••
IN a.1!O!I'!'P tall wlth1a ......... 1' Ua1t. '\haD the.. ot ..
etbeI' ..... .. .t tbe ...,1M .t tbia CJn1lp haY1Bc lea.,.. era1J 0.1-0., -.
1...- thaD la.... !hat ill ..,. ....alaon _t1Nq 4_ ...
ohupa ill laPh la b7 ~ tho nap. et loaf wiclth ill
s.........
S.tallM
8•....,.....
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.. 1eac ap1D .. bl'8acl, aad thi.a U'bltZ'U7 po1nt ... tiud .. d1Yi.cU.11c
.. 1d.laMnl - tna iHlIOelM - trianpl.a&" lea.... This ia oonven1_".
beo ... , et .~ ...,1e "aka, _-' of the S.nounua 8peoi8ena th~
haft .. 1IiJ.atenl lea.,... .r.ne 41ftrib1lU,0Il et value. in the Gm.
ill Pv.a below tv oea,p&I'1aeD with the oric'n.l riaual 800~ .t
(a) IIY1nal ~1'1Da
Gl"eUP + (t) t (+) «+»
I I ,2 , 1
I
II , U 1 14 2i
In 5 4
(la) ........ II~ (£-I) ..
-
1
12
GRIt .... 0••
I I ,2
II , 10
UI , 2
--_·_······-··-···l·········- ..... _. -...
0.)-0.",
L
11
• I
1
1 1,1 I ".....1.-- .. - ..- ..- _
It 0_ tfta '.rule ,.. tbat .. ~ .t tM ___
la ...... tM ~ t.at .. with Nt _ 41 10
nl.., .s., tale 1ua'e ~I' .t lea.... illG ., III Tula ,.. (b)
U7
in relation to the separation of t;rQu:r;>~II And ITI in particulor. :w
all that can be stUd i. th£t stoitlnItlBTes of the t"ormer ere "MOre
isosceles". which it will be adrnitted is even less prem.se than
Beceu.ae et the
arbitrary division mentioned .boye. this charl'lcter ~Mllot be cO)1Jlid~e4
to be ot DUell yuue in sl~erating Gi'(."I'Jpa II 8.."111I II, though one is
justified in regarding IJ8JI'lpleswitil leaves more than 0., nu. longer
than lroa4 as probably b:tlong1.ng to ~cu~:dRtum (G.!"oUF 1).
The intluenoe o£ an aq~tiG .nvirolllMn'i on steIn leat n}-.ar,e
in .-pl •• of tbt three grcr.mswu l.lW'eatj.gr.ted by oultUN 8X.i.>er1menta.
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CHAPTER 7
Cu.l tiYatlon ot S.recurwa .!!!! S.cuapldatwl
(1) General
The assertion by Watson (19", p.l~) that S.re<lU.l'VUDl "usually
gr'fIfra eubnerged in poola and deep 4itches" 18 misleading. Aa the
preaent author has found this species in habitats which are elmo.t
al~ drier than those in "hich S.OWIE!4atull tynioe.l.1.Y occur8.
Tlus 1n North Wale., a large area. ot bog 1a often OOTeJ'ed with a
moaaio ot S.reOUl"!U:!t S.papill~~ S.nemareum and .f()l.yt!j.oluI OOIDII.IM.
wi th s. :uaPida~ limited to the wetter boll""8. In pools. d:l. tchea
an! gentle waterlogge4 slope., ~.ousp1da~ i8 usually round to be
the dardnant §Rhagrml speo1e. (replaced ~ :!.8'1.uarroSWll ond 8.1IUbeecun4ua
in le.8 acid waters), al. though it may not occur at all in the
llUr'l"owd1ng 4ri81" areas. ll>Wenr, S.~ and S. cuap1datwa otten
do "eR together. lut in the tlUthor' 8 exper.f..ence. they only ~
oc.pletely lntermDd in peranently wet place.. ?loreott.n. a
8hallOW ohannel tJr hollow, whioh usua1ly contains free wnter, i. ftlled
in the .. lIVe With S.CU8J!lc1a1aJ!lwhioh giye8 "83 alruptly at the hi.....
well-4raizaacledse. to pure ...... c4 S.reOlrTWle Such a well-..rbc1
trane1tion is ahoIm in Plat ...
It i. OOJlftld.Dt bar. to _ntion a detd.led .tud,y wblob .... ~
ot tM ooaurrenoe or the.. two 8P8c1e. in one 1IIl8l1 area near Ll,yn Itbral.
'!'he area was ~ yarda long ~ 1, yarda Wide and lIloped aloq 1t. 1.~
'!'be highest part had a 7° slope. the _xt pert had A 120 alope and wu
COYered with scattered. not 0lumpe4 ~....!..!.!"fu8WI. which oeaae4
oa~tly 8.8 the slope tlatteDed out egain to en angle ot, wi th the
hor.tzontal. On rreliDd.nary inspection it was notioed that S.1"eOl.Irt'UIa
was }res.nt tlroughout the whole area. ~8J?!c1.a~ occurred. eYel"YW'bsr.
except amongst'. et1\J.sus whil. Po1;y ~ichD! COIl'III.lDe was I1m1ted to the
area of the latter. The whole area WU IIMIPled by randc:a quadrat.
25" srruare and joint ooaurrence ot speci.s 'YOZ"1ce4 out, and 1t wu
tound that ~.ousp1~tum did actua1ly ahotr a high. negat1.,.. carTelation
with J.etf'uaua and ~. CCIII1l1De. It IId.ght be auppoMd &aa thia that
~. 5'U!Plde.tum 1s not a member of the 00IIID0nl,y ocourr1ng Juncwa -
Pol;rtr1ohulll - S.re~ ocmatn1 ty. but el.l four speo1.a ha.... been
tOW'Jd growing together ln ..... eral other places, notably one in
Anglesey where the ccmm.mf.. ty borders a shellow lake. It would appear
then that the OftZ"-rid1ng tactor in the distri rutton of ft. cuapidatull
la the preaence or ab.mdant tr.e water fer at least the greater pert
of the year, thia situat10n doea in tact exi.t in the Idwal area atu41~
where the upper and lower elopes are usually more waterlogged than the
J••ti'ua1a slope which la steeper and ttus better cJraine4......_._-- .
Arising fran such ecological. atudi •• 1. an obserYation which la
et .. eat 1JIqxrtanoe to the systematics ot the .. Sphagrml 8P8c1...
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WhereYerS.r.cunum an4 8.C!.!!Eldatua haYe been found growing together.
whether intermingled or in adjacent tu.tte, they han elwa.ye been quit.
418tinot trc:a each other, and accurate iciantitieation in the n.ld
baa been po•• tble. The only ezoeptiona to thf.. haft concerne4 C«I'ta1n
eubnerge4 apeciana. .. _nt10ne4 later in the Chapter on s.tallax •
lft1tbra1te in 1880 (p. 8" ... hrzoed to the two 8l,)8e1.. gE"OIPing toaethw
yet MOh retaining tt. special t.ature ••
Bleat .. ot th1. retention of tJll!iYiauaJ. character. ~ the two
aneci.s naturally growing under the sameeonditiona, there wu no
point in cuJ.t1Yating t~ artit1e1ally (If' in neld .xperiments W'lI4eI"
.Wl&!" oOD4itiona to ... it they became IIOI"e alike. The oultu:N
.zpezoiMnt ...... theretore ooncentrate4 on discOYeZ'ing hc:IIr IQM certain
character. OOllldbe at'tected ~ .. t.. oon41 tiona. the moat important
ot which ..... tre_nee ot wat ...
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(11) S.reouryga
CUlt1mlu et .,.s..u .t S.nourvua in _ upoMCl ooDditieD ill
the t1e14 aM laboratoz:ybaa __ 41IIouN4 in 04IIllMMt1Ol1with S.puloh~
the II&1n oh.... be1Dc a deon_ 111aUe .t tu plaat aDd bnaoh 1ea~,
OOIIpaot1u. .t tuololea, u4 ,...lbq anatu enole....• t .. ohlo~ll._
oeU. .t ~ branoh lea .... iD ~ iDdow outum. .. 8urp1.. ot apo ..
S.ft01II'YUa .... w..rpd. 1& ,..la la tu £1.14, oentl"Ola "iDe MiJRa1ae4
iD 81.... the 1Ddoor outve .t ~ S.nou:rv. ... 1Dl8UGoe•• tul.
Ot the tour t1eld upen-nt. ODe ... loft, ODe Mowcl 1» ohup ..
.. ..... the oh...... _ .t thue will be uHribecl ill detail.
llate 5 the haUt .t the .,.s.a, U.) ... ric1n ..ll~ oe11eotect.,
(11) an.1" 2, aD4 (111) after , 8Onth. t.el'81oa in a ,001. ~..u
...... d.lftaat taMiolM .. Iibon ('MpU'&ted.') bftDOhe. 8bnn ill
llate , (11), ... to be pIo4uoecl in all 8peoiMu .t S.... uwa after
.... '-nia. lnft after a tft __ web, the __ enlaI'ge. ad MW'
br ...... l.eaIa 1114 ."... p1 ...... ill s.!1:!!IJ14at.. ArMr
, -'h8, 50 '-101M Ul Me pNd'" aa4 tbe &wnp iIlOft&M 1a
l.eacUl.t tile 13 ea. :JnDobN ... the ... l.qtb (1.0 - 1.5 D.)
.. Sa tile • .....,.&1 - ...• t lMfta ,.. ltnDGb Ra at fO-1OO.
JnDoh 1eaw.e .,....u.. ... an .. ftOlIIW4 __ 1:17 tbe
~ bnnohe8 1Ib1_4 a alJPt --.cv .. .,nad _~ tna taw n.•
.. ..... ... .... ._... nu lea,," wh10h ftM1_' et1l1latenl
(~-wi4th • 0.2 ... ) -' t1bl'UlNa. 1Ie~.t l»1'IIIOh 1..._.
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ehowed that mean lengths ot median end terminal. lUTea had increaaed.
rut widths had remained constant at CJ. ~ - 0.6 and 0.2-0.; IIIDe
repectively. Ranges of length of old and new median leave. oyer-
lapped. rut the upper limi t am. mean had increased by about ;0,( ot
the orig1nal.; for the terminal leayes,. meen length bad. increased OYer
loot and the ranges did not 0YeI'1ap.
These quanti tat! ve ohange. are given in detail in Table ;; which
include8 cemparable figures obtained. f'.rom.. specimen ot s.ouapidatu:.J
it is evident that used alone. neither len.gth nor length/width
proportion of branch leaYes is a reliable criterion tor the
dist1.nction ot ~~ and S. cuspld.8;~ An interastlng teatuN
i8 that in spite of the great increase in terminal leaf' length. this
is aUll less than median length. 80 that ~ - LT remains pod tift.
as in all pl"eT1ttilY sampled S.reCU1"\'Ul1specimens. It may be
thought from these reaul ts that terminal leaves Are .more affected
by the aquatio errrironment than median leaves,. rut it i8 probable
the.t the tormer ahoIr a ,,"eater incree.ae in lene:th becau.se they are
di.tferentie:ted later than iiedian leaTelS in the comal branches. Ttua
after ,montha, it was calculated that only 4 •new' tuciolea ha4
'been produ.oeo.. .0 it W8.8 quite likely that when tM plant. were
transferred to the pool. the.aian branch le.Yes or the.e tuoiole.
" ... weedy' partlY differentiated and theretore lea. eullY alf'ec1ec1.
by the DIM' em1.rODllent. untortunately. the pool drl.4. up in the
~ ot 1?'7,. and 80 no turther sample. could be tabn_ rut it ....
shown later (p.l ~4) tor s.cusp1datum that on transference to WAter
terminal le8.Yes responded more q1.dckly than median le8.Tes.
As mentioned earlier, ~!cunum ie typically round in an
exposed (",ondition. but it is quite often found "Dartl." 8ul:merged et
the edges of shAllow pools. These plants show the characters ot
long branch leaves and _stem fascicles 1!'hichwere '):roduced. in the
;,?
sample artificially aubn&rged. rut only one specimen found by the
author we.s oonaidered. to agree sut-f'iciently well with Wernatortt s
descriptioll 01' var. robustum: this t~n will now be discussed.
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(iii) s.recunwa nr robustwa
we:matorf' ga:" the tollowing olwracters tor the distinction 01'
't'8l'. rol:ustua BroeicUera-
rol:u.t. usually lax and aulmerge4
ocrtex uauall,J- ....11-41tt ... nt1ated
'trench 188:"8 1.6-4 ... lcmg and 0.5-1 ... broad
Comperable di_na1.ona tor the other YarieU.a ot S.reOUl"VUBl
are ginn belc:nr.
o
nr. _jua Angatr. 1. 4-1. ~ z 0. 4-0. ~ DD.
yare :e!;!"!UlUil Warnat. 1.0-1., z o.~. 4 ID.
A8 the •• yari.t1 •• oan alae haye a 1Nl.l-41tterenti.te4 COl"tex.
the diagnon. 01' yare robwltu. ..... to reat almost entirel,:r OD
the .-eat ... 1.. ot sa.e plant •• which ...,. be lil'J.b4 with a au'taerge4
habltat.
A lJ)eoben ot s.reounua".. tound. gI'OIring 1D a d1tch iD
colour and 1n the centre ot the c11tab they wre llUa.rged 01' juat
breaking the ....ter aurtaoe. At the eda- ot the ditch onl.Y tM
10ftI' part. ot the plant .... e au'baerp4. abcut the upper , am. be1DC
ezp0ae4 and ........ n in oolour. '!'he.. urgin8.l. plants were DOt
a. robut .. the central. OM. (Plat. ~ ).
JliGl"O.oop1cexaaiDat10n ot central. plant. ahand that they
accorded ....11 witil the cte.aript1on ot nr. robwl_ han.-.cUan
lranoh 1•• ye. 2.4 - ,.0 ... 1081 &Dd 0. 7-0., ... lrotI4. '!'he oortez
(expoee4) part. ot the ..rglnal plant. nre next examiDld. aDd. it
".. tCW¥l that all character. excert aize ot 1:ranch lea ft. were
oonatant throughout the leDgth ot a .t.. an! were the ..... in
the otIIpletel.y su..... ged Gentz-a].plant .. Branch lea"Ye. trca the
IGlfer part. ot the atea were 2.5 - ,.1 -. :It o.7 - 0.9 -.. that ia.
the .... .. those trClll the oentral .tema. but the upper 'tranchea ha4
...uer le.Ye8. 1.8 - 2.2 -. :It 0." - 0. 7 .... Thia difference "..
also ahoIm by the aub-termill8l leaft .. which were 1.6 - 2.2 ... lona
in _ntral and lonr ..rg1nal a"-. aM. 1.1 - 1. 7 -. lone in uppw
__ gl.Ml. .t.... W!4th of termiDal 1........ in all aupl_ was between
0.2 ani 0.4 ....
Seftral of the •• n *aM pluta were colU."Y&te4 in the laboratcr.T
wi th the oc.aa 7 -. abon water leYel. After two JIOD'tha the MU
i ....... in 1eDgth... 17 .. aDl 2, tuoiole. ha4 been .. paratecl troll
the COM 1n this u.. Plat. 7 ahon the difference in habit trodu0e4
_,. the chait. ot oonIi ti0D8. '1'bI ocaaa M4 beCOllle ..u.... aD4 the
plant ...... Il0l''. al.ena.r .,. ,..... en with 110 trace ot l:ran.
oolOUl"ation. Bl"anaMawere tb1 but were the ... length as 1n
tM or.I.&1ul pl" (1., - 2.0 -.), altbouah they baA rather t...
leana (70 oaapare4 with ~ in crillll&l). ftpa ot 1:ranoh lea ........
.... NOUJ"n4 than betare, ant b at_ oar.. was aliatatlJr better
Uttw.ntiate4, laat beoauae ot the "Yeriabl1it.Y fd this oharaoter,
8.I\Y ohan&e in 1t oazmot4eftni tel.y be attr1bute4 to cmana. ot
COn4it1ona. stem 1••,.•• IIhowed a alight cleere.... 1n length. tl"cm
1.2 - 1.4 ~ in the old to 1.0 - 1.2 DIll. in the Ilf!nrJ width remained
oon.tant at 0.8 - 1.1.... 80 the new lea,... were le •• iao.cl.a-
tri8Jl8llar 1n shape. l3r'anch l.at length and width ba4 decreased ..
".. expecte4s meclian 1••,... 1r'8r. 1.6 - 1.~ x 0.' 1liiie atter 2 IIOIltha,
ani 1." - 1.8 x 0.,... after , months.
The c11tch troa "hioh the OI'1g1nal aampl ...... taDn wu Yiait.a
ap.1.n in sept_ber 1,,,. The water .... not &8 deep as }:rfti0l1al.y ,
p!"OlIably owinc to the •..,.,'.t101'1 or Sph.a.grua plant., 1nclu4ina •
lot ot s.-~NII!!!!!! which "... rapi4l.y replacing the s.NCUl"ftIIIe
s-pl.•• "... ap1n taken ot the oa.pl.tel.y aul8trpd oentnl. plante
aD4 the puotl.y' expoae4 ... ginal plant.. Upper aDd lonl" 'tranche.
ot the tt:ll"aelr had lea,... ot the ... .i.. .. betore, 1. e. 2.9 - '7 x 0.8 -
0., .... ll1t upper u4 IGnr lranche. ot marginal. .t.. bad abort
leaT•• w1thin the I"UP 1., - 2.2. z 0., - 0.7 -. (All ~nt
clata er. 8I:,..n 1n IJI"8ater detail in Table ~).
Thi. M.tterence trc. the pNYicua year'. aapl. in whioh lClllNll"
1••,... of aarginal. at .. tell in the oen'tl'al .t_ rance. oan 'be
exple1D14 .. tollGlfa. BranchH ~ the JUl"glDal. .te. .....cU.tterent1ate4
in the upoae4 coul tufta and tberetore ba4 abort l.a,.. .. q, oont1l1l.cl
~h ot the plante, the lonr parte beoe8e aulaerpd bit tftl. coul4
DOt &treet the ~ _tUN4 1.a,.... It auat 'be uauma4 theretor.
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that urg1a.al plant. ot the earlier sample had becomeexpoaed onlJr
a ahcrt t1Jae pre'rlou.l,y. as the lower l:ranohe. JII18t 0'briousl.Y haft
been 41tterentiated in ..... rged oc.ea. This assumption would tit
ln with the obeerYation that the pool was becaaing shallanr due to
1:uild1.ng up b.;r dead plants: 'blt the ocm.par8tiyeU sudden chanp in
tbe earlier sampl. troll aulllerpcl to exposed oondi tiOD8 -:J well haY.
been aue to the exceptionally 4ry ..... ot 19". It is inter.stina
to DOt_ that ~ June 1957. DO openwater waa preaent in the 4i ten.
whleh .... tilled with S.lIUbee~ .oat et the aut:.erge4 S.reCUl"lUa
hanxag cU.sappeared. Scae plants ot S. reOUZ'Wa persiating at tiw
e4ps ..... gI'eeD aDd :tairl1' rebut hit 414 not 41tter in aI\Y reapect
tr. typieal. DO.... qua.t10 8.1"eOUI"WJI.
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(iv) S.oll914at_
!be ..,.n-n...with th1a .peoiM iIall iato .. pe.,
""'. _ 1Ihetbu the _riciNl •..,1_ wen he•• ubMrpd or
.,... babi....... la near17 all u;periMa ... uain& upoHCl
__ rial, tieU aad labonwl7 oultlU'M 1Mn _t up under ...... 1p4
u4 aptMd .. :a4it!Ma, the latter "iBc ill the un .t "Dtnl.,
the .w..rpcl _'.rial RI oultin.tecl enll1a4.r d oenclitiona.
I .. _t M at t the •• t_t th... ~ .llb_rpcl1nc1oor oultuna
1M" .. t 1Ul17 t1al. .. althellib • ~ .... vutllAl17 to_
in *1_ th. plut. __ nill h.altQ uc1 PRiDe after .. ftnl
..nu, ~ ~ iIlYU'iUl,- -...cl • ncl1MrU8Il in 'b1'8lMlh 1.ncth aD4
ill ... r .t lMft8, tho _,. 8Mb .. llar thaD "bet.n, _cl tJl.l
..... lw1e_17 iD n...... tlDQr nob. its... nl1•
....,.n- "be 14 a.4 pwftb .. u4 .n '- .
I.. u SaW at thle n......... riM 'bftetl,- the .nb.eU
.t £MM• ..a...... ,lat. ffta .ltller .... J"pCl •• .,._
laUlt nnlftCl _ ,._.. __ .. ..uu. 8U~ la t., ...t.l',
....... tIai8 ... ob=-, NPlul,-. QIWtb ...,14 .... tint, aM
.nel' • __ • IIUkecl ..... :la Ubit "1'0 eYl4eat, _ la .... la
,laM I. fhu'" ""I'M .t the eeMl ...n. n.r la
......... Jl.. t., 'b1'&DObe. beo_ 1_ talo&.... _4 ..... le...,.. t....
to _ ., .... t... .&1.... t., _te. )a" _ MftI'IIe often -.,. '1..... it ... tlaHP" that the hiP JIll (1.1) IliPt '-
l~
respons1ble tar the ral)id death ot aubnerge4 plant ...
An e:xperlment wu Nt up using an expoMCl tQl"lrl of ~8Pidatum.
Sllllpl•• ot whtch W'eJ'e 8llbnerged 11l beueJ'e oonta1n1na water ot
nrying pH. 'l'hi. wae altered quite ••• U,y, without 1ntroducing
UD4e.1*able mineral. 01' organic tutter., by mixing treeh Spbag!I.ua
peat with tap. distilled 01" rain water. A seri •• of cul tun mec1ia
tNm pH ,." - 8.8 wu obtained and '!'able ~7 giY•• the exper1Mntal
reault.. It 1. appar.nt that pH alone 4M. DOt oontrol the healtl\Y
aft.. a fartnlpt 1n raill water \pH 7.0). where.. they IIJJl'ft tor a
.aa.th in tap water (pH 8.8). '1'be a4d1.tton .f peat to rain .. tap
water c1elqed aeatll fflr another f.. weeks. but the cml.y healW ~lant •
.... growing in 41.tillec1 water with Of' wi tbout :peat.
sild.lar raaber. of tuaiol.. (.4-45) were troduoed in 4 JIOntila
•• t_ In 41.tl11e4 water «' In tbi. with peat (not tUt .... ). but
1n tbe latter aulture. the "tau .... alIIo.t 10 -....... Thi.
wu tboqbt to be a ... aul.t of re4uotion in llJht intenai ty due te the
:pre .. race of peat wbloh gil" a 4aJtk brGIm col ... '- ~ water. A
IUbaenu.ntexpel'1..nt in which 6 41tt.-.nt gatJwrinp fd tie 0WIpl4a"
..... 8Ilt.er .. In 41.til1 ... water was 4iu.ppointiDC- 0a.1.T 4 .-pl_
,,_. atffiolently la' ..the to prod&aoe 'nw' tuoicl... aDl t;wo of
the ...... then bl .. ohM ... f:\yi.... one of tbe rtmaird.q btaltl\T
green aampl •• wu ~ the __ .. terial .. u.... in tile pH .xperi--t,
l~
which III.lggestait W&8 particularlY robust or Nsi.tant to death 1tY
.. lIner.ion. ~eYer branch length Md decreased in thi. cultuN4
apee1_n traaa about 2.0 en. to 1.2 cm., and rumber ot le~s pel"
branch wu redu0e4 trcm 85 to 451 further inYeatigaUon was tberetON
a.beDdonec1.
Of' the auooeutul .xper1Jnent .. tho •• inYolring originally
aulJaerged ee.teriel will be deac::M.be4 firet. It W88 suggested b,y
the 8.recuz:!!! experiment. that an aouatic emironoent cauaeclan
lncrease ln l:ranoh l~ l.ngthr the roweree .t'1'ect .u 4emoruttrate4
1V" cW.t1ntlDg subaerge4 s.OU!p14atua under expoae4 field end
laboratory oon41t1ona. SeYeru n.el4 eauapl ... although trllnsplan1ie4
to wet (but not _1aerge4) places ",her. S. oueplc1atua was alr.ad,y
e.ta'bllabe4. were loet In the ..... et 19'7. ",hell _ch 1>1808. were
OCIIIpletel.r c!riec1 up tor ........al weeb. PlAte., &: 10 ahDIrs the
red'. of OM lDdoc:roultuH. la which the ocaal tutt. ha.. becc.
.-11 .. aDd "" .... o.pe.ot and the 'tranch le.... are 1••• eprea4iac
thaD betore. the whole eftect 1. tbat the plant aPJMtar. le .. pl....,...
In all the .. experiMnt .. 'tranch 1..... becaM ·8Mller, width
deereui...... ell a. leneth. btlt .ta l.aftl were harcllY d't'.cte4.
Tabl. ,a &lye. tile tiM_OIl tata lA 4etaU.• a partioularl:r lat tine
t.ature beina the tio et l.natll ot ..a1an and t8l"lldna1. 1 ..
In 0Dl7 OM et the t OI"ictnal -.l.a 414r.". ...... r.. and in
thl. after expoaure. ~ exceed.. L..r • In the two other Plllpl ...
~ - L.r was positiYe in the original. rut decreased under oultiY8.tioa.
other cher&cter changes resulting from exposed condi tiona were a
4ecre~se in 'trench loat border rldth in one 8&rrole from 5-6 (-9) to
~.. and an increase in hl"anch CUM'ature. so that originally straight
'tranches "re aucc.eded by tal.cate ones. Another important teature
was 8 deerease 01' leat RelTe.tion on e)'TJOI!JUJ"e. 80 that in ODe ca .. ,
mea1an 1eay•• weN ne longer enn alip.htly serrate. wh:\.le arig1nal.l,y
di.tinotly Mrrf',te termtMl le::,Yea were replaced by leaY8s with
Both this and the change in 'trench CUl"YI!I.tur.
ne>ft en iDro.ortant bearing on the etatue 01' Y9l'ieties 01' s. cu!jddatull!
further eYidence waa gAined from cultiY,'~t1.onot exposed sampl•• unct...
aubnrged cond1 tiona.
Altogethetl" 6 aample. unaer eubaerged condlti.ons in the tield
auMiYed lona enough to tro4uce MW growth. In all 01' t~ the
taac1.cl •• bece.aae JDOre distant, snd the comt>s smaller end le •• oonrpact,
enn though canal. 'tranche. were the se.me length as befor.. Thi.
attenuation wa. lIOat eYident in eulltures of' origiMlly CCRpact plant.,
ea illuetrated 1n Plate 11. The reducU.on in .lroe 01' the CCII8l
tuft ia i'ltereatin.g. ana i. pr"eauMebly a result ot !'~d elongation 01'
the atent. and MJ)Ilration ot t".cicl.e. a1th011gh inc:reese in rate f4
.lonption ezcee4a that of' f'8'scicle aep3!"'tion AS i. shown by the
increaaed distance between the tAa~icl.a (~bout 1 ca. ccmpared with
1••• thaD. 0.' au. in tho orig1n&l.). Eventually a um, e:"1rl.11lr1wn
must be reached qy increasing the rpte ot d1tterentintion ot
tascicles so thr,t this e-:-uel.srRte ot 8eparation tl"om the cc.a.
Although the lIlJIlber of tascicles in a aubnerged canal. tuft at M3'
tiM will then be les8 than in an exnosed plAnt. This idea waa
aupnorted by COIIIp8rtng lIlJIlbers of tascicle. dissected tl"cm comas ot
aubnerged £Ind expoeed specimena; aubaerged s.r~~ and S. cu!pidetum
USll.>.llyhl.'4 le8. th8n 16 differentiAted l:ut ta&8ture fAscicl.s whereas
exnosed plt..nts had 20-,0 0CIII8l. te.cicles. II\&rther eYidence W9.8
g."lined tl"om experiments ODone semple of exDO.ed ~cusp1.cla.~ whi ch
orlgf..nal.ly had 20-?5 comal fascicles. Exposed and subnerge4 field
tJop.napl:nt. ot thi. Itteriel. after seYerel, IDOnthashand 20-28, aD!
9- 14 coma1 ta.cicle. re.pectiYely.
Subfterged plant. usually 'bec__ IIOI"e plumose in apnearA.llCe, 'beCfluae
the branch lea ....s tended to be longer and JIII01"e SJreading (Plate 12).
nnd tar this renaon. aul:aerged 1eaYe. were rarely reCUl"Yedwhen 4r:Y,
rut were' fIoer1uently undulate aD4 twisted. The tendency to .nr.a4
in an "01W1tichabl u.t was 8lso IIhown ~ the nendent branches, which
uaual.l:r beC8llle .... lib the horisontAl. branches in a-opearance ..
weU U ill po.t tion. In... cue. the l\eD4entIrenches boca.. 'Yer7
Mort or eYeD diaappeare4 altogetbel", the tascicles then consisting
ot two or three aUd.lar aprea4ing 'tranche.. As noted in the in40ar
oul tuN.. tsloate branche. seeme4 to be J)l"oducecl only in expoeecl
con4i tiona: althou..Ih talcAte1:rancbea .... preaent to .... xtent in
all originally .xPO •• aampl.... MW' tranche. were straight in .ach
ot the {, aubnerged cultures. Similarly en incre1l8e in serration
ot lr~mch leen8 "'~" shown by the aubrJerged 0111tures. Teble'9
below SWIIIlRtiaes these ch~s with detcils ot exnosed controls tor
Tahle '9. §._~t~.~~, ot_.~~!~_!~fl~!!~..,ln~~~e ,_~.~r~__tru_ ~
expelled (~ oul turt!.!...!t ..;.ouapidAtum
~errAte leal"8a
SMmle Median Terminal-...- ..--._".~-~..._--. ---...__ ._ ......_- -._-_ .._--
6.56 crT OriginAl R ( .) ( .)
'.57 tt) Indocr E ( +)
8.56 (.) Pield S ( +)
11.56 (a) " S ( .) +lo.~ (0) " S +1(J.~ (d) " S ( .) +"'7 (Ill) • S ( +) •-_ ..__ ....._--._--
6.5l) CYrIl Original & -+
2.57 (b) Indoor K - ( .)6.'7 (It) Pie14 E ( +)
10." Ca) Pield oS - •4.'7 (a) Pield S • •
6.56 CV Original E - -4.57 (b) Pield S ( .) •--_ ..._ ..,-_ ......._ -..,-~,.'--. ._'_ ..__ .._-._- ...... _ ..•,---
.Detore c(,'.sid.el'ing the ch~mges in Leaf si ze inducecl by
aquatic con4itiona. 1t i. ot interest to DOte that lranch leat
borc!er width "a. iJ'lCl"ea..a by aulDer8ion. trcm ,., to 6-8 cell ••
Thi. nriation. aDd ita conYer.. , .e.-ed to be lind. ted to
s.cuspidatumJ it 1r8.8 not o'baerYe4 in S.re~
Table 40 gina aetaU. of lranch l.at dimennona of several
oulture. et one originally erpoMCl • '-ec1menot ~. oua,p14atu..
Aa expected. a1gn1tioant chan•• occurred onl,y in the subnergea
1~4
CUl.turea. in which atter 10months, branch leaves were more than
twice as long as in the original plants. r.ve(! after only tour
months inmersion. growth had been suffIcient to produce 'llft"
tascicles, and OCIIIparisonot theae with the •sen lira ted' tascicles
ia interesting. Tl'ua naed1an leeTea ot sep8r(l ted. new (4 month)
And new (10 IIIOnth)lranches ahow'a gradual increase in mean length
from 2.~ (as in origlnsl) to 4.0 to 6.6 DIII.: terminal leAves from the
aame l:ranches however do not show 8l\Y further increase in length after
the 4 month 88111Ple,the _811 lengths corresponding wi th those given
abo," tor aaedien leaves being 2.9, ,.0 and ,.0 nm. This aupoorta the
view _ntioned on p. I? 3with reterence to s~re~ that as terminal
leave. ElJ"tt differentiated lAter thl'ln mecl1an lenves wi thin 8. COIDIll.
branch. they CAn respond .arlier to changes in the .nrironment. '1'h:l.
time leg ettect i. re.penai ble tor the lar~ ditterence between r... - L.r
in the 4 Md 10 _nth .ampl•• , (-1.1 and .. 1.6 DIIe respecti v.ly) J
after 4 months the tend.nal l.av •• hav. increued el'lOl"lllOUsly,and
only after a tn lION aontha 40 the Mdian leaves .show a proportionate
incr..... P'Urther reterence to Table 40 indict-ttea that although leat
width increases alightly on itrmel".1on. the lengthfridth propc:rtion i.
greatly i.ncreaaed aDd i. t!ua not a constant f.atur. ot even a ad.ngle
apect.n.
EXpo.ed cul tur.. in tteld and la'boil"atcr,y showed no significant
cha:.,.. in 1eat length. except possibly a alight reduction in IIflX1rrua
1"
1-.tb.t 'Mn1aa11ea ... (3., - 2., _.) ...... nape.t .1d ....
.. ... .. lM14ct, th1a ",_'\1. UJ baft been cl__ the ..
ape.' oead.1"1aa ieiac ather _re dz7 thaDthe .1d expoMd
eea41'\leu. BnAoh lea... an ftl"1 ... l"lft .. 'JJch" chanp. 1a
_nr.-" .. 11 abe_ 'b,J ... thv ....• t .%pen-nt. uiJIg a "17
...,... tea.t S.o!!!pi.4!lua. rh.,_.nl. re.wt .... n the ._ ..
dNodbe4 "ft, tu" 11, .-.-tieD eD .. 'bIIen1en aacl _ ohanp 111
tile iadMl' UfO'" out .... , but the ft.u1t .t eM ape.... t1eld.
nlt..... pg•• liac.
la 'U11I. __ leac"A .t ..a1aa 1anDch leaft. 1Donue4 ... 2.9 ... ,
1IIl1a tbu the .1'ici•• J (2.1 ... ) IIDClMpU'&tecl (2., ... ) loft.
_ tu ~" ad al8e __ tua tu 1a4ee1' .,. •• , out ...
(2." -.), 't ne bowtV Mlew the Y&1••• t __ lAm&th iIl .... nl
........... lee (,." ,." ...7 ... ). A,...11»1eapl .... ,\* 11
that .. ..., .. I.'81_ ... 'IIhleh the .... l.e ... "nut.ned ... __
1t..~ -. n...... aftu nU tha It. eftciul habitat... dvbc
the 'tU7 ... __ I' .t 195'. the ,1."• ., baTe NeD s.-n.cl f.r
........ le,.n.u. 'al8 _ul4 &lie u.pl&1a tile iDozu. ill
......ua.t leaw .., thlI...,le (ClIa) (_ fule",
,.1"). It 11 eeuaieat __ !ea ..... that iDen .... la _._
led ~ __ ,.... ... __'- ... _ iaoa ... la n"" ., ..u..
•••• ia _ n1.... ia 1IIaioh -d .. leat ~ ..
iJIoft... ,... 1., 1.'.... H............IF... eYUlit ......
/
_ exten ~~ the n.ria1d._ Au _ .1cnU1oanoe.
It 1. 0\11'101111 that _ .tl'i.k1Dc n4uot1eu iD .be II1IDh..
eoovnd 111 iadNr oll1tvu ot S.ftOUZ'T1a ..... noel'da4 teZ'
S.oUP14at_ althevch an1JAl4 __ ot 'tbe 1attu .... o1lltlvaMc1 tor
u lac AI S.no!l'!\!!e In ... iIMlMJ' uperiaeDt.. _ 1IIOnue Sa
11M ... nooJ'ded. fll' S.oug14a!ua. !hUl a YU7 ....u....... t.
UJIOMClIpOO1MD wi. inDcahe. lui tba 0.6 _. leDc. au _1_ ....
".J"IIiaal IN..,.. 2.1 - 2.8 .. aDd. 2.4 • 2.8 ... 10ac n.,.otl.,..q ....
Ift- iD4ooJ" ill_ u,. •• 4 ,..lt1eA tor 8 .. 'til.. •........
.. n 'ttl_ 0.1 - 0.1 ... 1uc (lea ... ,er bnaGA oen.t .. t at .to). _i_
leaft. 1.2 - ,., .. , ua4 ~ leaftl 2.1 - ,., _. fh. tuo1olol
__ alae ... turiMl' .,.n &fteI' cral~lfttiea•
.&anbu ...,10 .t 'Ul1a .,..a. ....i8uHcl ill ..,..1 ..... h0W4
a .iaS 1......,.... !AiI,.n1nlu.,..s.- la iIl_l'Ht1Dc Maa..
•t 1MYH7...u ...,1Ot.1WtIa t.,.. 1Ibiob ....... , .. lie 4_
M 1MhMita,. It _ _ 1UJ _al_ ,..., oYU'lJiaI the
.....• t a law, flat -.u. tu plat. la __ ,laMa ....
.,...._ nN tbe Un 1'Mk. 8.. ..u plat .... t... 1a Hftftl
.~.UN .1t_'iMa 1M__ .., .tMa .... laW ritll ceeyltn!
"l'!!HW. !be7 eaq ........ ill 1R lrbc tlat iep 1II11C1b._1IU
" ... at al1nVa -*""~. lNt .... _. '\be plan. _ tU INk 1'1Ilt
11; la .... rie4 tbat avaUU10
t.~poow\h .t S.o!!J14atua "that OD tnn.t.~ to _re tafturab1e
o_cU:t1en., .lIGh M a JOel, .1" even ID ariitioial 1Dd.ooroult.. , the
,1--,. abe- _ inonaaed. ripur. ~10.t o\ber fi.ld sup. h... "~
an ~akeD tna opt1ll1a or abe.,. OpU.1IWI ooDditiou, .. tha~ _
oultivatiDa tbea iDdoora when lJcbt ... ,...1'bq .ariat. an belew
aYer_, • d.eol"NM4 v1pv 18 abOD (M iD. S.ftO~ oult ... ).
It 1a 1DteruUnc "- DOte iIIa&t S.o\!Q14a"_ ..... to dz7 .ut ftJf1
tll1altl3. It doe. ot 00... PR 1a ,lAM. wb10hreu1n ... after
rihel'II have J.r.I.ed 1If. b1n la 0.... ot .. Yen droVCbt, it oerta1all'
Moo.. ooapl.wlJ 4e.1oo.Md la • "17 Iibon t1M. 1'h1a 18 ,. •• 1bq
beoauM ot 1_. leoM~ t\ltW habit M tho daM~ S.ftOlIl"Yta ...
leN .. t.&, M ,»iNr17, 'but tho n.p1d. d._1oo&tlen .t '\he Oup1 .
g_ral.q 1a t.r tu _n pari 4_ 'io ~ lMk ot po•• ill th.izo
1MYe., .ta,_"u .t S.J!I1l1,.. (Gn1ll CJ'UU.l1a), Ma. ,111_
_ iat _ tu aut.. atMr .. ftftl .... withe1R I'aia. 8.0.,14& •
... bew , NlllBable NOeft17 aftol' .. a1.. tts.. .. i....C
J. 1wh1eb Aa4 -- cIq tel' .1Pt .... 18 tile
~-I-I'.t 1955 ... la 1Ib1ah tu s,U!lUat- Jlu tened • haN 417.
\lHohe4 ... _ tu ... tea, ... tll.lod. apia with heal_ pnrlIIc ~
,,00t0'be1-. Eve tbovp tU _"'ne.t upeNdplat • .., cUe, tile
,1_". ~ WI et- _18'\, aDd UDder t...... 1e ...u.ts-
... Iben. aft pn4.... ffta .14 .
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rh.n .... to be .. de"" that S.ou!pl4atua ad S.NOlll"V'Ia
an ntt10iatq dina"" t. be ru.ked U 1Ip8C1e.. Gharaoten nob ..
"ne .t at_ GOna dUt.reDtlat1on and fibrillo.i t1 ot ."tea leaYU
__ w be oen8tant laDd.r d1.tt.rent environMntal oondition. and .. thq
alae abew dlaoent1nuouavariation th.y are u.etul in di-.no.i.. Sl_
.t n_ 1..... 111alae a ta1J.ol1 nl.1abI. oharaot.r, .. l.a .... ia
S.!!!Ii4at_ an &1..,. l .... 1e., Dd _ua1ly lIOn thaD eM aDd a
halt tiM 10ac .. bINd.
'!he ~.t ,.... (.1' nel) bnaob 'baM _ .. be c... t_t
la S.oupUat.. ID ~ _l1eoted ...,le., all lnat • t..
•t tlae lauHri_ 8JMtOWu .... iN«' had b..... ltnaobM, 'Ule .....• t
.. lev ia .14 4ri.H 1IpM~ le _t .u,n..1IIc. Certain.t the !MMI'
~ out ....• t th1a apeolM 414 De" _hiD tu 'bawa .. 1euat1ea
iD the 11ft bnnohea, lnn till .... pnbabq a hault .t the peouli ...
oeMlt1ou 1Ib1oh Jftd..- ..,id I'l'Gfth in peer Usht. H.... ftr, the
cU..oeftZ',J' .t ..ftnJ. ret bNDObecl1pe01aeu ot S.NOUl"!!!t p&l'tlnlarq
...,. p"lu&U- (... Chapter 9>, hu reduoeel the ftl_ .t tbb
ohano1e~ t.r aeparat1D& S.o!!J:1clat_ freIl s.,.ourYUa, alt~\Wh 1»nDOhM
.t ~ t._1' tad _ be bNWll, un red or ,ink, ~o ,~t ...a1q
lJeiaa NanoW w tU p1'U1Ml 1-2 _ •• t the bnnoh. !hlI 18 ..
....,10 .t a ohano'ter be1JIc .t &ben lmiftnal .ao~ w1th1a ...
"_' 7d eoOU'1"1n&..,u.1 U1" la etber "aa, .1aUarq .latrinte4
........ aft the , "ftDOhe. ad tt.,...1'IUIkecl lea...• t
S.nulchrun~Mch of these fefltures being c,.resent in $:me S•.r.ec:u~
olants.
Although the ~luent1t~tive dptn df.scusaed in the 18.st Dart of
Chp.pter 6 mlp,'T,estcd tMt lr.nnch lent' dimensions ~md'\ro'Ol"tions might
be of diagnostic Y~lue, the culture ex~eriments hnvc shown these
cherflcters to be gre~tly influenced by environment.
leaves of se'Yt".rHls.cue'iidl'ltwn stwmles tnken sf nee the nrel1.lninnry
Rtudl ea nhowed the t terminr,l let'lvcs were not longer thl''In medilln laElves
in the IDA.1ori ty of CaseR, 'l though they were ustwlly nearly the _
length. Tms [11though terminAl exceeds median le:!' length only in
mediAn leA.'Yeswere still longer thlln ter:oirwl leBves), in f'r-tct thAt
mediFm leRYes ~re longer thnn tcrmind does not necel'lstU'ily indicate
s.recurvwn •
Leaf' r.ror'Ol"tion 'Yaries wi th lent lentr,th, and so T)J"o')()J"tionis
A cherncter of nei't'cr 'llOre n·r leBA dl!'grtOstic 'Vr·lue than absolute
length. The letter has II limited use when considered in con,junction
with other chflrncters, so thHt A nlAnt with medil-m branch letl'Yes more
thnJ'l ~ RIDe lo~ 1R more likely tc belong to S.~_!2~~~ thnn ge~
(~118x 1s discussed in Ch"nter 8). Although '" lUAtic cultivation
ot ::$. rec:urvum nroduce<1 leH'Yes in the len/;th r9n~e ot :;l. cuapi.de twn---...~....--
(T' bla ~5 ElM P. 112.) 1t lIllst be oointed out that thil' WAR a C(XTtDf1M.son
between al1UAt!c ~.reCUJ"'tUJIInnd. exnoaed S. cusp1dAtwn; wi thin 0l\Y one--- --_._ ...._-
hnbltat S.cu~~.~ will ill'VAriqbly be found to hPve lonv,er lel)ves
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t.han S.recurvum •
'['here is no evidence ft-cm theso res!Jl ts for r-ecogrriatng varieties
ot s.cusnids-tum. AI!! si.ze_ serr~tion et lCl\ves I-'no. brf\_~!ch;lOsi ti.on 800
ClJrVnture hsve been found to be controlled by envi ronment. Some
further work on lenf serrAtion would be ndvis~ble to see if' ~ll
non-serrete nl"nts could h ve serration induced by suhnersion.
CHAP'l'ER 8
S.tallu
(1) Prelt.inar" obaerYa~lone
Juring aD 1n".."ipt1on in OoteNI' 1955 on a aall o1roulU' peel
1a tho blank" bee -nUDH ,nT1o_11 (p.16) ... plant. IIhmDc
.. ven.1 S.tallu ohanoton 41MOY.ftd.. rbe pool wu nrro ....
bJ s,no~ 8.0..,1c1a1;_ cIeId..DaIn iD 'tbe oentre, aacl ill ercler
t. t1Dcl out _at U.taaoe t ~ e4p the latter nplaoecl S.1'!01II'!'9,
a tnuecn 70 oa. 1Hc &Cl , bread ... tate alODga 1'a41_.
MarU.. hea tile MI'Iia, th18 .trip YU cllY1dad 111t.lA ...,lo.oMb
, .. leac. Whiob _re tb.a •• eined -.01'0 ... ,10&111'. aDd. d.1ncle4 late
I.no.,.. ua4 S.!!!J1clat-. the latter beiaB lclen1i1t1e4 'b7 It. "apik.Jf
appeanaoe 4_ W tile 1-. bnnoh 1eavu. Sample. 6-12, Whl_
... 1necl ot lInh .,..1e8, weft di.tt1oult to 4.tend.ae ..... _
Jd.o.. ...,io _.:lutia 1t ... tomad that all ,lllllt. 111the S.oU!J!iuna
.eotiou .t tho .. HllplM t alike. s.. had. a pee..~ detiM4
ne. _Ita 8D4abo....... ~ t1brillo .. , ria-leaft., althnlb tIle1.
blWlOhleaft ..... ft17 lnc. tbe7 .- Ma1;a1;1ftll-ipe4 ..
s,tallu. It .. t--' ,...1b1. to ..,.... ... ~ tna ••ngl"'.
,1_... the lattu 1Ib1'1114 a ...... leua·U_.t the )I'.eh- .......
(of. , •• ).
Ieftal ne. leaM !Ra all S,o!!ft1dat •• ..,..,
IIlCIna au -....s l..,.· (i••• s.......... ad. S.N's) ...,IN.
!ben ... __ oY:l.daeo that la tbe la!H" pe., l.enIth .t .... 1eat
aDd decZM .t t1brillo.l '1 1aonue4 al.oIIc the tnueri, tilat ill
tn. ape.... n~rp4 oend1t1ou, 'but eva the 1Jme1'llNt
...,1ee dltten4 tna the S.O!!Jld .... la th... zrupeot.. It ill
Yu7 .,Uuq that all -....s.0!!J14at_ ... ..,1e. iD th1a
lav•• tic_tieD 'ft•• t ... n e1'i«1n. aM thua tile erideno. la tar
he. oenol·.iv. rer _ Cradual oh_' tftIl S.NO~ te S.tallu
with 1Doreued .ubMrpnoe. H YU't 1t le _nt1o!1e4 hen beoa ..
'\h. ohanoten lnvolftd. 1noN la brlDOhl.at leeth•• tea leaf
aU. 8D4 t1l»r111o.1t,., 1Nft later iaft8't1gatecl 'bJ oult1Yatlac
S,noUl'V'ta iD water.
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(ii) Detailed study of one snecimen from
Ethte Wood.. Arbroath
In 0lOTemberl~%, Mias U. K. D.mcan obtdned for me a fresh
eroecimenof' a plant identi fied a ffl'll years ago by A. Thompson as
s. f'allax • '('he plAnts were growing in a small 0001 in a birch
wood. their carUlS ju.t l:reaking the surl'ace of the water. The
general appearance wu very like s.cuspidatum 8S the leaTea,
particularly of' the upoer tranches, were yery Long, Scmeplants
were cultiTated in the l~boratory and some in an 8lCpOaed(i.e. non..
aubDerged) nod ti on :In a S. recurvum COIIIJIllni ty; other atems were
eundned in detl'l.tl and the resul ta ot these il'lYestigations will now
be de.ezo1 bed.
LeaT•• in the 'branches ot the upper 5 em. ot .tem were lJ;reen
and fairly long; the fasciol •• were dJ.tent. About 7 or 8 an. trom
the coma, the fa.cicle. were more eompe.cted, and the leaves, which
were bleached ot chlozoool'\Yll, seemed .horter tM.n thos. in the unper
'tranchea. D!mensionsof' leaTe. trom U-anche. from these two regions
of one st.. ere giTen belOW1-
Di.tance ot apre.ding DiJDensior60t median Length 01' sub-terminal
tranch trail coma leaye. leaves (9 ~ 10)
__ .....;.;;. __ .__ ~_ mille .. __._ __
2 2.8~ x 0.6
2.88 x 0.6
1.80 x 0.6
1.84 x 0.6
8
The shorter leaves end closel.v comnacted f8.sc:lcles of Ud. region
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suggest ttvlt it was formed under conditions different fran those
preve1ling when the snecimen was gathered. It'lis8 Duncan informed rne
that the pool otten dries up in the SUlTlTler:thi s Al terllAti. on of
8Ul:mergenceand. exposure could explain the different growth forms.
Median and terminal lesves fran every fa.scicle were removed from
ea.ch of two stems. The pattern ot variation in leaf length down
the stem was similar tor both sterna. and in the longer stem (1, cm.)
mean leal length increased fran about the 10 cm. level i.e. beyond
the 6-9 cm. compact reglon with shorter leaves. (Fig. 21). This
variation closely resembles that deser:!. bed earlier for It sample of
~ cuspldatum, (p. I <J And Fi.!1.- 2).
A 1'urther five .tems were selected and leaf samples te.J.:entrom
~a.nche. a.t 1. 5. 5.c. 6.O. 8. 5. 10. 5. l~. c cm. tram the coma, to see
it the pat tern 01' Yariation was constant. III actual tact, there were
no steru longer than 10. 5 cm. and so the suspected 1'lCl"eSS8 in leaf
length beyond this point could unfortunately not be confirmed. The
changes in leat' length up to this point were similar in 811 seYen
stelll8. even though the 88IlIDlewas small. An interesting teature
ahowll by five out of the senn stems, 900. illu~trated in F1~.21 was
the sharp decrease in len;~h (to 1." - 1. 7 rrm.) shown qy median
leaves about 5-6 an. from the coma. 80 that in ~anche8 trm this
reg:lo,~ terminal leaf length otten exceeded median leaf length. On
examining these branches the 6 or 7 medisn leaves were tound to be
shorter than Leave s on either s:lde of them: they were not antheridiel.
leaves, and it is diN] cult to eXD1A1nwhy they should be 80 short.
However, 'kra,lches beyond about 6 cm. showed normal. leaf spectra,
and the anomeJ.y Rt ,..t; an. does not el tar the general 'Oat tern 01'
variation tn lea:t length. It should be mentioned here that leat
width remained more or le88 constant at 0.55 - c. 7 nrn., the mo.t
important variAtion being in length ( ~ nan. at 1 aBe, 2 am. at 8 an.,
rJext the stem leaves were examined to see it any comp...roble
changes 1n si ze occurred. One leat W8. removed from each inter-
tascicular atem }Y'.-rtion. i. e. every :t'ourth le81'. Length andwidth
were noted and also presence of tlhr1ls, using the tollowing notetion:-
4 well developed fibrils in apical part of lea.t
~ 4-10 cells with well-develoned tibril.
2 a t.. cells with poorly-develoned fitr11.
I rudimentary fitril. appearing aa projectiona 01' the
lateral walla 01' the }urallne cell.
o no t'il:rila
Value. of leat length tor one .tem are shown 1n l"ig. 22 (.). 8Ven
allowing tor the arnaller aize ot .t_ leaft. and hence their lower
vari ahili ty, there i. slight evidence the.t leave. of the compact
region of the stem (i'a.acicles 15 .) arc :'!i g,' r:cantl.y shorter th.<>n
tile unner leaves.
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Rxam.1nation or six other stems, takil\1S one leef' from every
fifth interfAscicular region. did not show an_v signi.f'lC8nce
variAtions wi thin Al\Y one stem, and, PAradoxically, in the longest
stem, leaYes j n the central, OOJ'Ilr>8ctregi on were longer than those
e! ther in the upper region or in the lower regi on of' long branch
leaves. P/ean lengths of' le8ves fl-om corrm8rsble nos:i t:i.ons on the
7 stems are given in T8ble 41, which elso shows the "f'itril index"
ot each leaf. It does seem from JI'1g. 22 (b) as though the lower
leaves are less ti br1llose than the upper leaves wi ttlin that particular
8tem. Table 41 cont1.rmathis tor 4 ot the other 6 stems, rut again
in the longest stem, (no. 2), 81.1 le8.Yea lire 1'1lrillose.
It 18 ditf'ioul t to draw 8.l1.Y reliable conclusions from theae
inYfllstigation". And it i8 doubttul whether colleeti.on of' add! tionAl
data trom other stems would elucidate the problem f\lr'thM". I thinlc
it i. reasoMble to llssume that the a1ternation of compact and dif:f'uae
regions with short and long lranch leeve. respectively i8 due to a
change trom en exposed to a subnerged, or at least, partlY inrnersed.
condition. rut the in1"luence 01' these supposed conditions on the stem
leaves 1a ter trom clear.
(b) ~r~~&!_~J_i_~at~~~
Both cultures were set up in November and after 4 months, mean
increase 1n length was 1.8 an. in the tield sample, and 7.6 an. in
the i<'ldoorculture: during the next three months mean length
increment~ were ;.5 an. and 9.4 cm. rosnectively. showing that
growth rate in the field is slower then ird.oors particularly during
the winter. Sanmles w~re taken in July 1957. the field srunple
having about 4 new fascicles. and the indoor sAmple abrut 25.
Both cultures had Altered in appearance atter only four months
growth in the new exposed condi tiona. All plants were a lighter
green colour. the ocmas were COftp8.ctand oannoaed at a. large number
of unseparated fascicles and ];ranches were more rigid. Branch
leaves were ahorter and le.8 spreading. and particularly in the
field sample were distinctly recurved when dry. Measurement ot
lranch lel'l.Yes showed that meanwidth had decreased trom 0.7 to 0.5 nrn.
in both cultures, but mean length had decreased more in the field
than in the :I.ndoor sample: Table 42 below shows however that lengths
of ell new median and terminal leaves tall wi thin the range ot
len£Sth of normal excosed S. recurYWnleans.
Table 42. Branch leaf' measurement date tram exposed CUlturea ot-.---.--~-.-.----.'.------..-.._ ...._
or1at2!B!!l_~1:mergeds.f&11u: L LT
M
DIlte Sample ~-LT ~w mm. ...
mm. II mean rAnge mean r~_._-- ... -- ---_ .._
11.% Original + 1.2 4. 45 ~.2 4.05 - 2.6 2.0 2.9- 1.6,
.---.-.~..- . - -'.~..-.,-- .----
7.57 Indoor + o.() ~.5 1.65 2.15 - 1. 4, 1.0 1.2 - o.~
-_-_-- -.-
7.57 lI'1e14 ~ 0.6 2.8, 1.4 1.8 - 1., 0.8 1.1 - 0.6
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}ranches were longer in the indoor culture (1.2 - 2.0 an.. as in
the original) comparedwith 1.2 - 1.5 cm. in the field cuIture.
rut this is oresumably the effect of poor light. rather than an
intrinsiC character1st:tc.
After 7 months cultivation. stem lea.ves of neither the indoor
nor the field sample shaired ~ny epureciab1e change in aize or
fil:rillosity. rut !\tter 8. further 2 montha. the field culture had
produced DIlch shorter am. less ti l:rillose leaves. Table 4} below
~ v.s values of length. length-width end fi l:ri1 index (see 0. , I.. S )
for both old and new stem leaves ot the 9-month sample. This
shows that the change actually occurred within individual stems.
and was not 8 result of the sampling method.
~lbmer~ S.fallax
Date ~ample filril Mean dimensions Range of L - W
index urn. l1li1-----.-.- ..-..~.--- ..~-.,-,-.-.-.,.. - --
11. 56 Original 4 1. s lI: 0. 7 0.7- 0.'5
7. ;7 Indoor 4 1.1 x 0.7 0.5 - 0.,
7. 57 .P1.eld 4 1.2 :It 0.6 0.75 - 0..5
9· 57 Indclor (old 4 1.25 :It 0.5; a.e - 0.4'
(new 4 1.0 :It 0.6 c.; - 0.2.5
9· 57 .P1.eld (old 4 1.2 x 0. 7 a.7 - 0.'5
(new 2 0.8 lI: C.7 0.2 - 0.0'-------. __ .__ .- - ._._------ - ---
Little si~ficance can be attached to the alight reduction in
size ot stem leefts tran the indoor eu.l ture as the range ot L-iJ tor
new leaTes over-Lapswith the rAnge for old leaves of the same stem
B.nd tor le~Tes of tho original. £pE)c-imen. III e.ddi tiou_ the minir'1Um
Talue of r-. (:.;:>5 nm.) is higher than the minill'llJr. recorded tor all
s.recurvwn cu.ltures (0.1 n:m.). rhe result of the field culture is
more irrlportant as here a si,gn1flc8..1ltchange in size} shape and N.brillosi ty
01' leaTes hils been demonstrated. In all case8. len u:tl....rldth ot new
leaTes was less tha.n the mi n1mwn 'Valuerecorded for old leaves from
the same stems, the change in shape being due to 8 decrease in length
rather than in width.
It seems strange that this change sh uld not tAke pl"c. until
the eighth and ninth months atter tra .splanting. '!:ut growth in the
field was slow At first and when the first sample was e Mlined in July.
only 4 new fa.scicles had been produced and presumably the then uppermost
stem leaTes had been dH'f'erentie.ted betore tranaplenttltion. This
would explain the canpar-ativelY sudden appearance ot leaves which had
been influenced qy the new exoosed envirorlnent.
It is harder to explain wh;y no similar changes in the stem 1.a.Yes
occurred in the indoor culture, which al.ready had 25 new faaeicl.a ~
July. Unf'ortunat.ly this experiment could not be repeated because
01' lack ot materie.l, ruld though tar from conclusive. i.t does show that
changes in size, shape and tilrillosi ty ot stem 1ea...e8 can occur.
Ale<>there is a strong .uggestion that these characters are intluence4
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by the environment urevailing during the very early stages of
dif't'erentiation or the stem 1ee.,.es. which are later unAffected qy
aubse'-.uent habi tat chan~8.
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(iii) Discussion
As branch leAf size and curvl\ture have been shown to be a direct
result of pr"sence or absence of water, there are At most two
characters which can be used to senarate th.:!.s taxon from ~!!~~
isosceles and fihrillo88 stem leaves.
sstisf'l"ctory for four reASOt18l-
(1) ,\&e.J\y n11mte wi th e'1uilnteral-triAngu1ar leAves
r·reitw.!r ot' these IE' very
(r-w (0. 2 1I'I1le) Mve fibrils,
(H) e. dec'i at on Of1 degree of flbrillosity illl somewhatsubjective,
(iii) the div1 sion into e:m11ateral- aId isr,sceles - trie~·lguler
loaves le orbitrery, as contirUlous Y~F.ltion in shape occurs,
8lld (iv) one eXTl6rlment SIJg',."ested that growth in A nors-sutmer-ged
h!lbitn t reS'--llted in decrease in lenf.rth of lel'lf' with 8.
conseouerrt trend from isosceles to e<1UnAI;~:rU - trie.n.gular
shape, and a decreese ill J'IJiIlber')1' tilrilloae h.yaline c8ll8,
These "".asons erRUe that ~ 1'&118.%should not be distinguished trcm
S,recurTum. even AS a variety" tut 8<?;dnst them rrust be set certain
'rhus not all naturally suooerged S.recurvum nle.nts have more
isosceles or 1'Uri Llose stem lea"a than naturally exposed :.:nes, lmd
in cult1Tation e neriments wi th S,re~ subnersion did riltt lead
to An increase in size or a ehange in shape or 1'11r11l081ty" fro there
is a possibility that these characters ~re geoetjcAlly controlled,
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This work haa thrown some llght on the problem of the status of'
S.f't.ll.lax rut the lluthor 3Ug.~8tS thAt until more culture \York
hll.s been done, it would be 3dvisable to recognise only a single
t8Xor~ gecurvu.rll •
15~
s. runt1'JTphyllum
(1) Investip,Ati on of' herbarium s-recimens of' s.rccurvum "3 .la to"
The tiuestion of' the existence of this texon is closely connected
with the rnther heterogeMa.lS nature of Group ID 8.8 defined in the
character a.nal..Ys~s (Chanter G, (ii)) The shaoe of st~leE\ye8
seems to be almost C'.onstant, if' the method of satnnli ng described on
p.p6 is adhered t~, that is, tor the major! t.y of stems, ell young
stem leaYt!U1 ere obtuse, or all are Acute. One or two stems with
young obtuse leAyes were further exp.m1ned by dissection of the comal
tun, and in all cases, the stem leSTes up to the base of the 8.r~ica1
"bud" (where l:re.(tch rudiments M"e Tery SlMll) were also obtuse. It
will be remembered thnt this charActer eorreloted only with
undifferentiated stem oortex. which is Tariable wi. thin Group III, and
80 the posst bil1 t.y at correlation with lsrl1,e Bpical -pores on the
leaTeS of the pendent branches was next investigAted.
Gems (195n emphasises these charact~r8 t'l.SdistillP,tlishing
~~ 8ubspP. 8JIIbl.rph,y'llumAnd ~!!irolitun trotn subap.
JII.lCl"Onatumwhich M.s scute stem lesT8s And snal.l 8.oico1 pores.
The two tormer 8Ubapec~.e8are seperp.ted f'rom each other on shape
Now as Andrews' Y81".
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, be expected to haTe amall no~undulat. branch leaTes. rut the
character ot undulation is not mentioned by Gams. G8ma' u..
ot stem leat ahape also ae... rather doubt1'ul as he giTes ccrnparabl.
aiEe ranges tor the two taxa (0. 4 - 0.8 .... in sap. angust!.~~
and up to 1 mm. in sSP. amblyplvllwa (1957. Pe 84) whereas the main
difference in shape ot the leaTe8 in bis illustration (P. 82. figs.24.25)
is due to the Dlch greater length ot .. p. !l"blrpi\YI1Wlleat. TM
present author suggest. that aim1lar .ized leaTea ot both taxa would
be indi.tinguishable on the baais ot leaf-.hape. Again. as mentioned
on p. IIj ot thi. thesis. noneot the obtuse leaTe. ot scored .pecimene
was .trictly lingulate. l:ut all showeda aomewhat triangular outline.
It i. extremely interesting to note that in the analysis ot
Group III specimens (Table ~) red branch baae. correlated with
non-undulat. leaT•• , the tOl"Mr character ls giTen by Gama tor
sublp. !NJ'I!titoliu.. and the latter bJr Andrewa' tor Tar. t me.
It waa decided to inYe.tigate Qroup III apeciMna ~ tor the
tollawing character.l-
(i) Shape ot .t_ 1ea a (length - width)
(ii) SiH ot at.. 1 (length)
(iii) Size ot ..aian lranch 1....... (length)
(iT) Pre .. nce ot large apical pore. on the outer aide
ot lea.,..s of the pendent 'tranch••
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with regard to the last character. a tew preliminary
illYestigations were made. and it was found that there were two
types of large apical pores. In JD8l\Y eases. the pores were
rounded blt larger than corresponding pores in the spreading
branch leaves (B-12,,L<t..inpendent. L 8,.w. in spreading). b1t in
other samples. the pores in the pendent branches were DIlch
larger (12-16.u.) and were OYal to irregular in outline, this
/
latter type was soared ... apical. "gap.". which often coincided with
8IIIIll1erpores on the upper leat surface 80 that complete perforation
of the leat resul. ted• (Three millltes staining in l~ aqueous crystal
.tolet was adequate to showup all type. of pores).
The tollowing characters were then analysed tor correlationsa-
(i) lIor. than 7110 young st .. l.an. obtu.e
(ii) Pibril. pr.sent in .t_ lean. (eY.n slightly
t11::r1l1oae (+) leafta were .cored as "Jl'ilril. pre •• nt":
Pearns14e. (19~8) inclicate. t1lril. in s.ADgll.t1toliwa
l.an •• )
(il1) !ranch baae. red or pink
(iv) a-anch leaTe. not undulate (including 'Yer'Y
alightl,y undulate lean.)
(Y) Apical "gap.w on lower .id. ot pend.nt 1:ranch l .. ft.
(d) Large apical pere. on lower .ide of pendent 1:ranch leaft.
Significant positift corr.lationa were ahoIm as follana-
E ~ o.Cl Obtus. l.aft. wi th apical gap.
lLf_o.O~ Red 1:ranch baM. with obtwle 1.aYe"
~undUlate branch leave••
apical gap"
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Tms Gamat new ot the existence ot 8. taxon (or taxa) characterised
'ttY obtu .. st __ 1ea",es am large apical gaps aeeIU to be confirmed
by these results. Pibrl1lose stem lea",es and large apical. pores
(not gaps) do not howeTel' show any correlations and it remains to.~
.. en whether it i. poaaibl.e to distinguish two taxa wi thin the
obtuse leaYeClspecimens. Of the 81 GroUp III snecimena. 26 had
obtuse lea.,..8 and apical gaps. aDd 8 ot the.. also had red lranch
.Next, , .t_ lea",e. tr-CII each ~ the 81 specimens were
.. aaurecl and "'1'8 .xpreuecl as (length-width) .. betore.
Table 44, below, abon the d1.tribltiona ot ",alues within tour
aub-gI"OU.p8di.tinguished OD ",arioua caab1nationa ot the three
interoorrelatecl character. listed aboYe.
Table 44. i:re9~~d1atr1b.ttion ot ,!!an_Yal.:~~._C?.t_l~h -
width (... ) tor .t_ leat aampl!!._o!_~~:p_!~..L!e8c1.~~
Charaeter. ot
specimens ~O.4 o.~41 O.2-0.~IC.I-O.2Zo.ll Total
iiI: maber
ot
______ ..._ ...l..,__ _ ......._ .........'_!P8-2.~
1 18 18 1 4,,_---0- ~..__--+- ._...._,.~
Obtu ..• tea
1.a.,...
(1) ~oal PP8
abeent ! 1 1 , , 12
(il) aap. pr••• ntl 2 7 7 2 18
(iil) oap. aDd re4i
Ibranches Ipr'eM1lt 1 1 8
"
The ranges of leaf shape oyerlap considerably. all 8ub-grrupa
sholr1ngpeaks at 0.1 - O.~ nm.. In the sub-group characterised
'ttY obtuse lean8, apical gaps and red lranches, 7 or the B
apecimen8 haYe leaye. 1.Ba than 0.2 an. longer than lroad. All
specimens were then Boored as follawal-
Meanleat length - width L 0. 2 1liiie (shape 1) +
" " " "'7 O.2 IIIl1e (ahape 2) -
and e.•• ooiationa between thi. and other character. were te.ted
tor in the u8UAlway. A po.itiye correlation (p LO.O" was
.hown with red lranch baae. whioh accarda with Game' detini tion
01' aubap. !;D&U.titolium. hat this .ingle correlation i.
inautticient tor the tormation 01' a separate taxon. Asain.
the tact that red 'trAnoh•• correlate with obtuse lean. a.n4 apical.
gape. whioh are glYen by aa.. a. characteristic 01' both aubapp.
tn8U.tito~!!! and Ulblyptv11~ suggests that red 'trenche. IfIIA3
not be conftned to the t..... subspecie.. within the 28 obtuse
leaTed speoimens with apical gaps, ".hape 1" lea ..... correlated with
DOJloooundulate1ranch l.an .. hat not with red 'tranchea. '!'here are
.light indications 01' a taxon with 80IDe charaoters 01' Gems' IlUb4Ip.
angu.tifoliwa and 8<lID8 01' .AJ'M1re•• ' Yar. tem., 'tnt lII10hmore m4enes
is required.
Ab.olute lengths 01' .t_ l.a.e •• hand coarperabl. nriabili V
80 that rangea 01' the sub-group. coinci4ecl ... betONJ JIODB 01' the
aample. bad lea ... le.. than o. 7 1liiie long, and all hlt one had
a .-an length 01' OYer 0.8 ...
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~anoh leat length ot Group III specimens was ne t irwestigated.
'!'Wo MClian leans were taken from one l:ranch trom each ot tiYe st ••
per II8IIPle. All 28 snecinlerua with obtuse stem lea.yes and apical
gap. were sampled. together with 1, specimens with onJ..yone or nei the!"
of the.. characters. JPurther data were taken trom 15 acute-lea.,..a
S.reounum sneoimena already examined in the ~ - S.pulchrwa
illft.t1gation (Chanter 4). '!'abl. 4, below shows the distribution
ot MllPl. JIII!t&nll.
Table 4,. !'r!gU.l'lOl di.trill1t1on ot .. an lengtha (an.)_
"
of l:ranoh lea.,... within ....neu. aub-~ps ot S.recurTl.a
Characters ot
apeciB.na 1.1-1.2
I .Acute .t.
leay••
IIObtu ..
1••ye8 and
apical PPII
(i) Red
lraDche.
.bunt 1
(ii) Red
lranobea
----._ ..•--
1. , 1. 4 1. 5 1.'; 1. 7 1.13'1.9' 2.0' 2.1 ,.,_
-._ ~.~_.-.-_._----
1 , , 7 1 , 2 1 1
1 1 4 ,11
pre.. nt 1 , ,', 11
I
I I
'l'ber. i. ~ md.nee that plant. with MI8l.1 st .. l.a.,...
( ... Tabl. 44) t.na to haTe ..u l:ranch 1.ay... 'b.tt aa both the_
oharacters are likely to be .bd.larly aff.cted q, .m1ronmental
tactor •• no tuonanic aignit1cance can be attacha4 to the association.
'l'he oontiruous 41str1lution of ..-ple _ana ot lranch l.at length
is significant. becau•• the ranges ot length wi thin aampl•• ot
CXIIIpIll"abl.eeaTes oyerlap eTen mar.1t and it is impoaaible to
separate the 8MlP1e. into distinct group. on the baai. of" this
oharacter.
A coarpariaon ot these figur •• with those given q, Qama i. not
strictly ft1i4. 'becaus. ot the difference in sampling techniqu ••
b.at a aiJllilar di.trib.ation curY. would be expected. Perhap. aane
OC"IpAI"iaoncan be ma<i. ~ ... er. as Gala giT•• 1-' .... tor aubsp.
aaaronatua (including the often lo~leand S.tallaz) whioh
aocorcla ....11 with aub-gI'OUpI (Ta bl. 45. Ii I: 1. 2 - ~.6 !IlL). and
similarly the range g1yell ~ar .ubsp. Ul~llum. 1.2 - 1.8 .....
oorre.non4. with 1.1 - 2.0 .... iD aub-group II (i). The mo.t
iJlpcrtant nidenoe ar1aing trc:. thi. i. that there are DO .pecimens
oarreapcnding wi th au~. !!E.titolit.a <I: e 0.8 - 1.2 am.) .All
.pecimena .hawing the othel' correlated character. si...n 'ttY Qua tor
thi.. taxon 1... obtu.e. ....u stem lea.e.. large apical 1)OI".S (only
the large.t "gap." according to the pre.ent author) and red 'tranche••
ha... branch l ...ft. 1. 2 - 1. 7 1BIl. long and theref"ore cannot be .eparated.
on thia character t'rOIIl other 8J)8cimensot s.re~
'!'tu. al tho gh the zoeaulta atgge.t the presence ~ a taxon
characteriMd by obtuse .t_ l.a .... and large apical. gaP" there
i. no ju.tification tor the distinction wi thin this o~ a taxon whoM
... bar. ha... ftr.Y 1ID8l.1'tranch len .....
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(1:1) Irmtetigation 8l1deul ti n.tion ot tie14 sampl ••
The .. reeul. ts were supplemented by field inYestigationa and
ex8Dd..D&tionot tresh end cultivated plants. In NOT'ember1956,
the author disCOYered three seoare.te tutts ot ~reCUM'Ulll showing
red l:ranches, end in e4di tion eeYeral. plants in .ach tuft bad red
.t..... The pigmentation occurred in large irregular patches about
2 - 5 CIIIe long in these st .. , which were the nonnal green colour
.l ....here, rut the appeare..noew.. unlike that ot young S.pulchl"um
plant., in which the upper part. of the .t ... are otten ~.enish.
only beccatng pi~nted with age. The irregular nature o~ the
r.a patches and the tact that tbey were not un1Ter.ally rr •• ent
sugge.ted saae relationship to gowth rate and enn.romaental
con41tiona as the illYe.tigationa ot Paton and Goodman (19'5) han
.hown tor S.nemor.... The tun. were remoftd to the laboratory---
tor experimental cultiT'ation aD! were fir.t examined.mcroaoopicall.1.
i'WO ot the tutt. ...... alike in the following re.pect.-
All "tranch bue. re4
~ .t... reel
Cortex undiffer.ntiated.
{
Obtu •• (including tho •• 41uected fJoaD the cc.a)
st_ share l( L - Wl..0.2 -.) and abort ( L .{l.O .. )
l.&ft. teebl.Y tilrillo ..
Pwn4ent lranch 1.aft. with 1.... apical pp.
The.Y .... floOD 41tt .... nt habl. tat. &1'111 411''1'.-.4 in appearance. The
tuft trOll & large .xpoae4 Spbap .. carp.t (1) conai.ted ot rather
cc:apa.ot plants with orange-lrown comas; tha t trom .. shaded place
8JlIOD8Juncus e1"tu8ua (2) wa.e composed ot taller green plant. wi th
acre distant tascicle.. Tutt (~) waa fran a similar babi tat to
tuft (1) and r ... bled it in appearanc. rut had only a tfIW red .t ...
On microscopic examination. plant. ot tuft (') were tound to have the
tollowing character .. -
All lranch bue. red
Oert.lt undifferentiated.
st_ 1.a ..... ( acute (iDClutiDg cc.al. lean.)
2 shape 2 and short (L< 1.1 DID. )
( teebly t1lr1l1o ..
No apical gape.
Thi. simple inTeatigation showed(a) that obtuse stem le8.ns are
correlated with apical gapa, an&! (b) that red lranch ba•• are not
confined to obtu .... l.e.yed. plant ••
Tutt. (2) and (~) were gf"CIIITl tor 6 IIOnths in the laboratory
a. di.tant aa tun (2) tascial... None ot the new st_ gI"OIrth"..
red. and ot six .t... ot (?) .xamined in 4etail, three no longer ha4
red l:ranch base.. }If.. .t_ 1........ were wen 1... t1l:rillo.. than
the old one., hlt were still obtuse in (2) and acute in ('). St_
1..... et (2)within each ot the 6 .t_ .tudied. sbowe4 a alight
inareue in (....." which .... &.l. to a decrea •• in width rather than
to an incre... in length.
Gae .t_ ot tuft (2) pro'Yi4ecl ,004 erlcleaoe that obtuse .t.
1_ .. ~ not ooour so1el,. by ohafto. or through erasion of 8GUte1...... nar1ng the peri" of oul t1w.tiCll'lthe original apiO&l oell
of th1a .ta baA been kUlea b;r •• e means, ~h 1114 o... ea. ana
the caul. breDoh_ were d3'1ng. • ofUIL happem in s1mUal" ....
UD4er atural ocncl1t1.. , .. ftn shoot"... protuoe4 tra. the st __ t
'belOIt' the ~ oau., and. after a f. 8Clfttha 'Was about , _. loaa.
Kawall the l_YeS and bnnoMs on th1a .hoot ha.cl been 4lff.ra.tiate4
un4er 'the ocn41Uona of eultifttion, wh10hwere ~t, so that aa.Y
ohaq_ within the ahoot .. t be in~i. anti not _eA b,. the
errf1rona_t. Ckleat_ lee.f t.r.It MOhblterf'uoiouler st. portl_
WM ran0Ye4 aM .... U!"8.. ed the bIZ"" ot t1brUlOlitl' ana.hape ot
apeK were noted. Ute. a t. y~ .hart, oucull.&te,t1brW..e
leans at the .xtr.e 'bu. cri the ahoot there .... a pUual ohaap
la leaf .be· and. .bape to the OClU.. Dt.. e ohuIg_ are .-.t. .. ta
'fU'L. '" wh10h .... 'ihat ~ tlrat-twae4 larae, .. te, t11arUl ••
•ta leay.. 'WbiAth n._ne .... l_Yea are ill tut a juy.ue VPe,
and. ..n....bo\lt 10N4iaen.". tu.W .. , they Ute repla0e4 1ty
~t.ea1 .Jwrl, ob_••• oaroel7 ft1tri11.e l_YeS. It 1a .t Sat__ "
to ftOte that re4 bNaehea f1rat appea.re4 iD the th1l'Merl1ih tuo1ol.
,,_ t1w "e, that ie, .1-t 1Mt.... the appea.raMe of ob"e ....
l_ftli •
..... e the .harMter et ~'Ilt4ed f.a 'beth uute
aa4 ... --'1....... pl. an ~ .. t.a.. oultlw.tl_, DO
."...~
bIportance was attached to it cJ:tnoing this small 1llY8Stige.t1on.
The pr1msry aim was to see it plants under similar conditiona
contil11ed to produce only acute or obtuse leaves, and thi 8 Beelll8to
be confirmed. fIowever, after Gems c1ted the red wench char.ncter
tor the distinction ot subep. !'lfPstifolium ~.mongthe obtuBe-leaTed
plant., 1t seemed iJllpOrtant to irrrestigate this further.
Ten samoles ot §!.~ showing re4 brAnches were colleot.d
t'l-<Ia a single are .. each .ample being "p&1"ated traa the next by a
4i.tance ot a.t l.ast 20 yarde. EYen in the N.eld it wa. .a.,. to
.. e that Terry t.. tutts, each of 1rhich W8.8 taken fz'om the centre ot
a large un1tOl"lD clu.p. were actually bomogeneoua aa regarda the single
ohal'act .. ot red branch... Unfortunat.ly, all the red.-l:ranohed
apeoilDena ..... d to lII"art in rather dry .i tua.tio~ where growth i.
slow aDd disintearation tairly rapid, ao that .tel118 .horing more than
ODe "41chot~ .... not fOllDl!. Thus within e. tuft it W'U impossible
to be sure ot the oc.non origin of all but a ffl'lf st ... and ao
s-_tioal beteropnei ty ooul4 not be 41S}r0Ted. Of the t.n .-pl •• ,
onlY tour .... tound to oona1.t .ntire17 ot red.- branched plant., all
the other. oonsisted ot re4-1:ranche4 .t_a lllixed with callpletel,y green
plant., end the .t_ were diT1ded into two group. on this character.
'l'ba N4-branOhecl plants appeared rather more delicate than the areen
plant., and had aaller cc.u which were .. yellowish colour, probably
due to the red oolouration .haring through the green leaTe"
All samples were accre4 tor seTer&! character., and 1t was 800n
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en.dent 8S oofore that red l:ranches were not cont1ned to obtuse
lenTed plants. and that leA.TeS on a single !litemwere et thor d1
obtuse or all acute. "an 10 samnles s totgl ot ~ stems wi.th
red [rllnches were examined.. Of theee. only 31 steml5he.d obtuse
leaves. and onl.v r.~ of these also had sr,ical gaps in the nendent
branch le.0ves. Some of the obtuse 1eaTed stems had l~rge api~'l
pares. not ge:08. rut the diN'erence between. 8lwl a!"ld ] tlrge pores i.
80 alight and the change ao gredual. that it is ditfi cult to define
objeotively, and ia theretore ot little taxonomic Talue. r.t.1:r11a
were confined to obtuse stall lenTOS but .....ere not al,WE\YSpr.":seilt.
There was SOiDe evidence that red.. branched plants wi th obtuse leaTes
and apical gaps had shorter stem leans thall other stems (v. ~ !line
cODlDaredwith C.9; 1'lIIl.) the len""8 otten being scmewhat broader than
longer. However, all le8Te8 sampled were "shape 1". that is le ••
than O. 2 am. longer than troad.
All branch leaTes were undulate, end length showed no cOl"l'"elatiolUl
with .t_ l.at .ize and shape or apical gaps. Meana ot length.
(10 median lea..... per aaaple).. t.ll wi thin the 11m!t. 1. ~, - 1.62 ...
except tor one .8IIlple with .. an ot 1.1, nn., ..hich was an acute
le.yed specimen wi thout apical. gaps and red lr81lche.: this as betare
ia a strong 8r£Pllent tor recognising at JIlO.St two taxa wi thin the ..
apecimena.
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A specimen tran e. boggy wood near Reacobie Loch, Angus, identin.ed
b,y lliaa Duncan as §.!runb~~llum was cultivated in the laboratory
and also runongS.reeurvum near Bethesda. All stems had obtuse
lea yes. includiAg those di.9sected from the comas, and sa.-newere
teebJ..y 1'11:rillose. MOn;y UPDer branches of the fresh S"')ecimenhsd
td.ntly pink be.ses, rut the predanilWlt colour was green. A1'ter
9months cultlvetion. both samples had new tsscicles: plants ~e
green. rut red lrAnchea were proesent only in the field. culture, and
eyen in this, the pi1!)llenta.tion was '¥'ery tdnt. Len,'1,'thot median
\:ranch lesTes ot the indoor culture was the same as in the original
specimen (1.1 - 1.; IDI1e ) rut new branch ler.ves ot tbe field culture
showed an increase in length (1. ~ - 2.0 JIm.). Th:'-a mfl'yMve been 9
zoeault ot the newexPOsed Iv\bltAt being vrettcr than the origiNll
habitat. stem lenves were all obtuse and the ~mmesize as betore.
all were lea8 than 0.2 1IID. longer tlwn troat1, and moat or them were
ali~tly tiht-illoBe. JJN'<~ s:;',ic:u gaps occurred. in pendent branch
lea....s ot old and new 'ascicle. ot the tiYe s~led sterna.
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(iii) ~scuesion
The re!JI11ts descr:tbed in this chapter seem to indicate the
exietence o~ more than one tflXOnwithin !!!!:~._ the nrinciple
/
diegnostio oharacter being eha-peof stem 1e9.1' flne:x. This is acute
01" obtuse, with nry rare occurrence ot intermediate ah9:pes, ",tdoh ere
almost al.'''fl.,YS nrodl..leed 'ttY alraaion of leaYes whioh are acute when
1<'X8ndna.t1onot youn.~ can~ leAves and oultiYation ot 8.oute
and obtuae-le£t,.ed stems has ~ that shape ot apex remains constant,
8.00 tblS 1IIlst be " genetically controlled CMrl:>cter. This ia
supported by the natural oocurrenoe ot both types ot plant iraterm1.DCl
in the same tuft. The aasooiation of thi. ch.Al"acter with other.
presents more c!f t'tlcul ty. 'ftu. red 'tranchea, elthough shoring a .trong
correlation with obtu.e lean., alllO occur in acute-IeeTed plent. and
are not always oonatant under different con4itions ot cultiyation.
Again obtuse leaYea ere neat"l.Yalwey. .lightl,y fibrillose, lut fil:r11e
occur quite otten in acute lea,.... C'lbt\lM lea,.ed at .. u..uu.J..ylllt
not alwaya ha,.e pendent l:raftCh leaft. with apical gape tut the ••
aomettme. occur in acute leand .t.aa.
All the plant. ea.lne4 during thi. WGl'kcan be placed ill one of
two diYi.iona ot S.reourw., one with obtuse .tem leaft .. usually with
apical gapa in the pendent l:ranch lea,.e., and often with re4 lIranohN.
or the other with acute .t .. 1.8ft.. end uauall.T wi thout apical gapa
IIIlCl"ONltuRl reapecti,.el,y. Si .. range. ot .tem ~nd branch 1...... or
both these subspecies 1U'8 almost identical except that larger le8:,,84
plants usually belong to 8Ubsp.mu.aona:tw~. However the size range.
owrlap sufficiently tor these characters to be ot no uae tor
Be'Of'.rating the taxa.
There is no evidence f'rcm these results of the occurrence ot 8.
taxon CharActeriSed qy small brlmch leaves, i.e. subsp. e.np;us1!!~lium.
Non-undulation ot branch lep-ves, giyen qy AJldrews as t\ dia.gnostic
oharacter for var. teme, ia a variable character difN.cnl t to define
objectively, and the proaont author tent"ltively suggests that f'or
ID8CMmCE".l re:'..3cns it is correlflted wi.th s·jv.e of' lC3ves. The present
work hA.s $homl tht'lt branch le&t aize is n t necessorU.y correlated with
stem leaf si ze. as plants wh;eh have small short stem leaves, wi th
width equalling or exceed1118length (giTen b,y Gems as diagnostic ot
sub.p. .angustH'olium) usually he.ve '!:ranch leaves JDOI"ethen 1.2 .IlL
long. which is in the range of' leaf' length ot the other subspecies.
There i a 11ttle ecological information about the occurrence ot
the •• taxa in ~tain. Oavald (1?49) .t,.\tes that S.angu.titol~
ia CCIIIDOn in the woodedra1eed Il10.... ot Eastern &.Irop.with
IAdum palustre.and S.mageUe.n1CWD" and as this type of' bog 1. absent
in a-i tain. perhl>..p. S. 9!9!.tit~1!!!!!.. 1s raN beoause ot lack ot
su1t."·blehabitat.". Oanld al.o r.aa.rta that th1. snec1es occurs
aanetimes in the bottcn le_yer ot blanket bog., with Se az!culatum and
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:i.plUllllo8Ulll. l!2"iophorum~8titollum and JunCU$ ettu~ forming
the field layer. The proesent author has found aubsp, JJl1cronatum
Md aubap. ~b1.ypll!llUil growing together in blanket bog with J.eff'uSU8
in the tield layer. lut as mentioned above, no plants corres ,onding
wi th sub.n. ~stifoUUlll have been found at all.
Ja 41aoua.iOM ot the value and 1nierpreta.ticn ot exper1Jnental
neul.1::B ha..,. been inoluded in the relevant oha~ters of th1a th_ia.
it 18 proposed here to 11m.it the rena.rkB to .. brief oritio1am ot
the methoda 'UOed in tho :inT_t1p.tian.
It 18 highl~ ~tan1; tlaa:t_.pl.. uaed tor ot..nation ot
qualita:\i'Yo or ...... ur.un., ot quanu,tau'Ye oharutora .houl4 be
.~bl.. To tb1a end it 18 worth while spen41ng •• 0 tbao in
prel1Ja1naz7 !a..,.. tip. tiGn to tia4 a) the rolian. ot the plant in
wh10h the oharuter "iDa .tu4i ... Yeri. l ... t. and b) the
....u.., pc..ibl •• ue .t .ampl. wh10h a!Y- .. oonaiat_t lIleall.
Aa rop.r&k h paa.lbUit,y ot uaiaa quantitativ. ohan.otore in
other Groupa fd Sphagaa. for __ ple Subaeounc!a.or .A.out1tol1a.. it
would ... a4Yiaabl. to hYellttp.te .bape ra.the:&" than .1z. of
lInDOh 1• .,., ea 'the latter in. the O\I8pi4l.ta is irea'Uy
irttlum0e4 by the _Yirona_t .. peoially the preaenoe ot ....tor.
ltcth .hape ea4 .1&. ot .t_ l_Y. rJq be tound to b•• eM
dia.gnGllt1o or1turia in other $r~ a1Doe tn... 1...,. ao no'
a.em to be .. rM41l.7 alfeote4 bl' the ba.b1tat OQldi tiona.
However. care ahaulcl be taken 1;0 __ "n•• ut'1'1.oi_t .-.pl_ to
:tind. aut tn. oy.rall re.aa. ot yari&t1aa of ~. ohanoten.
'Dle •• th04 et ..... iaa 1IhI ftl._ 01 tiapOltlO e1'w.rUMft
1t7 .. t__ niq cteI"N1a__ ""' lUI7ltiT abaa .... _4
1t 18 ta the -.la an -3-tl th04. !heCDlleoti- ot tate.
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ia a tom ...,.b1oh gly8S 8n.7 t...tu.... two 01" a.t IJlClllltthree el:tem&tl'ft
apreuiOM it! !"\'3fJtul in that 1t e.YOida l~thy subjective
4.or1pt1ona of 3r..adee of (1.1tterenoo M.ttioul t to C)(Ql1un.ioate
in writing to o~h.r inv_'tig&tora. A :lut.:ert1aW 4!':Ui1\i~t1cn
of' .\IOh a"..ta. !&hcw teoed1&Wy whieh ohI.1'e.ohrs are ccntinucn.w1y
v~.ri.bl. and. hard to d.tine evea with a .1Rale _.pl., _0 8A early
po1nu·r U pr<W1df'td1!8 to the rela.tive valu8 ot oharaote1'8 tor
d1aUnguJahinl texe..
Th. analyau ot oM'!'el.aticwlI Q4d 1IU."'eq_uen.t ~UU'f"!ialllent of thd.r
.1In1t10en0e Wioa_ th. ,004 4iaan.oatl0 ohu-aotera, andma.bl.
& .. ber of ewnpl_ to be cU.v1c!e4 1n1io groupa. ea.oh aholr1n&
1ft..~ wh1eh II.l'e ~ 1:ft or 1.. all m$llber.a ot tha.t group.
&!ldwhioh 4itf.r ,.. t_ of ether 1"NJl8. l'he OCIDpaft.Uft
Hl,j&b1J 11'..1 of the ~.tu1 t.tuNe 18 alao 1ft41oe.... DuI altbMa h
.eveN ch&..rr.otet"8 ""'~ OOCNI" 1ft all .peot.a.w of on. taxan (1•••
all .peo1Al_ ot the tutw1 __ hw. in thU ..St\I) • the,. u.ual.l,.
appear to s().I1e_MIlt 1a other tam .. ,",u.
nt. methodil 01 ow. tJ:v .. t1Q1 \.We.! in t.h. t.1.el~ ".rit 1'IIdnl,.
autlOM.M, when .uft101_t ~p\eGt.104 \'1" .1vl'J.i.'1 uaa1nat aheer
All. DU. .... tbeI' ~U... With ngaN w 1AcIoozooulU.tIMa.
acre work OflUld lw &:1M ca the .U .. t of l1ah" an" tesapeJ'&Wre
u1a& Ul. _le Otll tuN .. th04 .. _01"1"4. K.~ of
w1 t1fttine Spbapa _ .... 1M__ .......... M tleYel0pe4. _t r.. tbe
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1]1
~e of thh work .... hich wu to show that ohang.. are p_stbl~
(tb&t 18. the pluUotty of ohar&cten) rather than to find the
extent of .hanae, t1eld exper'..Dlent8 under nAtural oondi tiCIM
....re more suita.b1e and inotdentallJ' more suoces.tul.
Q ••
Abere. G., (1931) UD.tennaohUDgen uNl" d~ sph!iD- - ArteIl d.l" Gzuppe
Sub.. olmda in Euopa. Ark. Bot • .m NO. I, 1-78
ADdftn, .l.Le1"OY, (1911). I.te. OD North A_nom S;pt1a,p_ I.
BrJologiat !4.t 12-75
..
..
..
"
.. (1913,&) Sphegnal. •• in Uorth Amerioan Flora •
12. 1-31. NR Yom.
(191" b) Rn. cm N.Amar1oan SJh!lpl- V
Bz:rologiai;!it 59-64
"
" (1915)
..
Nne. onN. ..ric. S:phM1l1J1l VI
BI'.JOJ.esJ,n D. 1-6
(1917) NnH _ H. Mariou SE.- VII
Bz7eloPft !2 t 84 - 89
(1919) In.. til U. MR1em §J!hap_ VIII
Bz7oloc1ct. .ii., 45 - 49
Brdth1ra1_. R., (1880) 1'he Spb."e ••• or Een-l£o._ .t E1II'ope
aDAl Nofth .. rioa. IAtnden
If "
--. v.s., (1955) Chn •••• n~ iD the Gen_ Stlbyn-
BI7Oleg1A S, 1.6-"
U1Dn. lie N., US~) 'rile Stm.R'. H.n4boelt of Bri ..U..n 1,10...
,I'd edn. Eutboume.
Eluobart, (1180)
Feaaw~.. M., (1938) Gnpu.c Up tOl' the 1dan1;U1o&"= ot
Sph.... NewPhlto1• .u, 4~4
i'iahe.r. R.A•. and Y..... r., U9~) sta18tioal TablH to&' Bl8log1oal.
Acr104tllftl. aDd. Med10al Be8earah •
.:!D4 ec1D. LIDdP
Gus, H.. (1948) Kle1M ~l"& .,. ItlJ.t"eleUlWJ& 1
~ 1IdD. J..
G.. , H., (1951) ne1De K.ryptogamenflora IV
4th edn. stuttgarli.
God.rin. H. aDd Cor~, v.1L.. (19") 1'he EcoloQ ot a Ba1Nd .l:toi
near 'l'~'"l'&J'On, U&l\.lj,ganshire. J .FAol. £L, ,1"'59
Gn~th, P., (1954) Hot•• on Lejeun.aoe.. II. A quant1tat1ft
uae.anent of on.t.ria UHd in di.Ungu1ahiDc
MM Br1t1ah .-pea1ea of z.j.l1J»&. l'rana. Brit.
bZ701. Soo. lJ 458-46t
Horrell, B.~•• (19O<J) Tb.e Europeu s~ (after W&m8torf')
J. Bet •• 1004. 110-122, 161-167, ~15-~2~, ~52-258
~'_315, 338-'53. J8,.'92. 422 ....26. ~69-480.
Lindberg. s.o•• (1862) Tol't.... mu ~gna4 utbndDing ooh
a,ya"t1Ma~. ·Ofwn •
••VetenaktJ1UM'l. Fem., Stockh. !.i.
Melville, Re, (19,.1> 1'M .loo.... ,IJefin1t:ilm et 1A&t Sh.,..
'b7 BIo't~ Ce-ol"d1na1;... .Ann. :acn., ImId.
N.S.... '7J-'80
»l.vi1le. i. et al., (194!J-SO) A ~o1nt diso •• ion nth the
Syn .. tto.- Auociat1on on j31.ometr1o. IDA
Syn..tl0.. PIOO.L:bm. Seo •• toDd. (62. (2) J
153-118
N... aDd Bomeohuob, (18;25) .az,.1. a.m. !t ,~,.1'&f'.4. Fie.,
Onald, H., (1949) !fotM _ -the wptation et B.ritillh and Irl8h
_..... Aena.~ • .-o. ii.
Paton, J •.l. &11dGeoclMD.. P.J't (1955) !he ooncU.u.ou ,...uac
~£ __ t:l.a ill sE"'. ----
Scop., 'mu. Brit. 1I17d. Soo. h 56l-s&7
Paul, n., (193.2) Dv tiI.lf'aiH eat cU. aenaltuap-
ftmaJ.tni Spb.ap.a. Abh. D&tlllW. Vert B....- a
Puuon, H., (19,2) Critioal N' .-tbeni.8e 1rltenriu. ~
flU " ......r....... ~loPft.221 .. ~.
Pl"OOtor, lA.G.F., (1955) A Dl ... the Br1t1ah .olea ef S:eh!in-.
l'rana. Brit. br,ro1. Soo. l, 552-560
Beclt.&l'D, P. L., (1956). B1oM'trio...qaia of • leaf var1at1oll
in the Pl.!ejio"heoi_ lliolm8 OOlltJ)lex 1n
_uth .... Mm tudad sta... hryolog1at 2i,
256-262
tiahardll, P.W. and W..llace, E.C., (195C). An Annotated un of
Brit1ah ...... Trana. Brit. b1'J01. SOo. 1.
i-xxxi
BoN, F., (1951-52). A.Ul"'nty of the EooloQ of B1"itun lAW1aadJ3ep.
hoo. Linn. Soo., Umd. 164 (~), 182-212.
!baa.. , C1t'$65) ~ltft'p nr lramltnia. cier Torr...
SohiIIper, I.f., (1857) __ 1ft po_ M1'ri.r .. l'h1atoin naturelle clu
s~. Pari.a.
" (1858) V.rallOh.SDer EDtw10kelUDga - gNOh1chte
cler Torr....
Sobl1Qhaob. (1865) Beltnc. RI' bnnUlR del' Spa....
Vezh...I.-bot. GM.,.u. ~ 58~
Sherrin, I.R., (19,;.1) ADUl.traHd. Hmdbook ot Br1t18h Sphepa. Umc1on.
II " ( 1946) Cenn8 catalogue ot Br:I:Uah Spbap...
Bev1MI.1 A. 'l!hOllp8OD. Berri.o~.
Skene, J.ie t (1915)
aDd U1nenl Sal:". Aml. Bot., Loud. ~ 65-87
lamatorf', c., (l899). l'l.". :rle1t'" PI' ~lora del'
U&rk 1:irandenb1ll"g. Vah. bot. Ver. BnD4eb. 4&.
lanunol'f'. c.. (1900) Spit ..... in J1e uatlirliah_ Pflan_fMi Ii.
I edit. Enelei' Md PftDt1 • .1 ,248-262.
x.ipac, l909.
.. It (1911) S~lecia ~ftft&l:l.8 iD DM pt~
edit. Enc-. z..1p~.
Watson, E.V. (1955) British Mosses and Liverworts. Cambridge.
Tabl.1. lIatvl.t, ot bftnolw. ap.4 branob leave. in S.ouaptdatua
LoDS••t branoh ot eaob t18010l8 below ooma ot St•• A
1'&8010le Jranobl.DB'll IUliber .t Pos1tlon ot 1AD8'th ot
n_b_ 011. 1.&.... 10ZJg••t l.at. lODg •• t leat
.uaber troa II1II.
ba••
1 1.15 75 47 - ;4 ).1
2 1.1 67 54 ).15
) 1.05 65 45 ).)
4 1.1 61 48 - 51 ).2, 1·a 69 45 2·95
6 1.25 73 54 l.2
1 1·1 '4 31 anA 6t 2·5
• 1.2, " '4 - '5 2·959 1·2 74 5' - 58 2.8
10 1.1; 5' 51 I.',
..
'able 2. Meansof leaf length tor 1 - 10 leawa/branoh about I'I,
1&kW 10 bn.nou,jat.m trom at.ms A and B ot S.ouap1dat_
lumb.r ot leavea Total number Poa1t1on ot !lean leaf length
per branoh ot leave. leafta about Kz, -.NUIIl""
1 20 5 2·41
6 2·44
2 40 5 - 6 2·42
3 60 4 - 6 2·41
5-7 2·43
4 80 4-1 2·42, 100 l-T 2·41
4-8 2·43
6 120 1 - 8 2·42
1 140 2-8 2·41
1 - 9 2·43
8 160 2 - 9 2.42
9 180 1 - 9 2·40
2 - 10 2.43
10 200 1 - 10 2.42
..
Tab1. 3. )leans ot leat l.pgth tor 1 - 10 !lUoc.s81ve branohes per It_
~alt1ng 2 l.awi/branoh about Kx, from .t.me A aDdB ot
S.ou.pidatUll
lumber ot 'branoH. Total number ot )lean 1.af l.ngth
parri_ leavel -.
1 4 2.46
2 8 2-50
3 12 2·5)
4 16 2·54, 20 2·50
6 24 2·49
7 28 2·47
• 32 2-4'
9 36 2·43
10 40 2·42
Table 4e )leans of leaf length for 1 - 10 stems of S-cuspidatum t&l9J¥
2 leavea/branoh about Kx, from 5, 10 or 15 branohee/ stem
I.. ot Total no.. ot lI.an length Total no. of )lean Total no. of Mean
.tea le •.,.. at 5 ... leave •• t 10 length leaves at 15 length
branohes/.tem branohB./stem -.. branohes/stell mae
1 10 2.61 20 2·45 30 2·48
2 20 2..10 40 2.40 60 2·43
) 30 2·46 60 2·45 90 2-47
4 40 2·44 eo 2·45 120 2·43
5 50 2·46 100 2·50 150 2·52, 60 2-47 120 2·50 180 2-52
1 10 2·50 140 2·54 210 2·54
8 80 2.;2 160 2-5.5 240 2-5', 90 2·50 180 2·56 270 2·59
10 100 2·50 200 2·5' lOO 2.,8
...
Tabl. 6.
w
3100Means ot ~. for Buoo&ssive pairs of leaves about ML
S~8D18X, y (S.pulohrum) and R (S.reourvum)
W
Po.1t1on about Number ot Mean. ot .:l . 100
~
leaft. L
r X R
1 2 32·15 34·5 20.35
1 and 2 4 30·55 35·' 20.65
1, 2, 1 6 32.07 36.2 20.35
1, 2, 3, 4 8 32.26 36·5 2().21
1, 2, 3, 4, 5 10 32.25 36·54 20.0"(
W
fable 7. 1:ea.ns of r!- -100 for 2, 4 anc...6 leaves about 1\ from
1 - 10 random branch •• from stem T (S-pulohrwl)
~JlUllber of branoha. Keans of ·100L
2 l-/bre 4 l./br. 6 l./bre
1 31.1 30·9 32.1
2 )1·7 31-75 )1.85
J 32.1 32.36 32.16
4 31.85 32.36 32-15
5 31·5 31-9 31·7
6 31.0 31-6 31.3
1 31.3 31-5 31.2
8 31.0 31·5 31·3
9 )0·95 31.4 31.2
10 31.6 )1.8 31·4
h
Table 10. Populatiun rang •• ot Ii) tor ~.pulohrum
"talse S.pulohrum"
S.reourvum
Group A
Grou,p B (Fig. 1(1)
9 - variance, S - Standard deviation, S.E. - Standard error of mean,
x- _an
Fal .. S.1?Ul0hrwl" 8.£!o Ul'WIl S.E,BlcbruJI ItFal.e S. P\1lohrul
= Group A + S.reourvum
.. Group B
• 4·32 4·79 2·85 4·52
• 0.1,0 0·55) 0.061 0.374
0.387 0·744 0.247 0.611
~. 0.077 0.171 0.060 0·092
lta6.4_
r38 2·93 - 5·11 2·05 - 7.53 1·93 - 3.71
~ 2 S 3.31 - 5.32 2.79 - 6·79 2.18 - 3.52
~IB 2.18 - 3.52 3.04 - 6.00
~ 2 S 2.24 - 3.46 3.14 - 5·90
...
Table 11. 1at Analysis 0t: S. reourvum - S. pulohrum complex
showing signifioant oorrelationa between
75 8peoimena
ABC D E F G H I J K L M N
o ++ - - ++ ++ ++ ++ ++ T+ !-+ ++ ++
++ - . + ++ ++ ++ ++ ++ ++ ++
++-- ++ ..+ ++ ++ ...+ TT ++
++--++ ++ ++ ++ ++ +...
++ - ++ ++ +
++-- -+++ ++ ++
++ - - ++ ++ .
+
If
•
L
JC
J
I
I
o
, ++---+++
++- ++
]) ++--
c - ++
J -
++ l_ p. 0.05 - 0.01
+ )
- ~ p ( 0.01
Table 12. 2nd A..'1alynil!Jof S.recurvum - S.pulchrum complex showiDg .,.2
values and sibpif'icant correlations between oharacter.
59 specimens
A :a c D E F G H I J Ie L M If
0
I + +
• + ++ ))p • 0.05 - O.C
L -)
t 6.1
I + )
- ~ p <.0.01I
B +
G,
I 4·07 5·2
.J - 5·04
C 4·62
J
'fable 13. Distribution of characters of sample within Groups X)Y a.ndZ
(a)
1st 4ssessment
No.ot samples Predominant
with ...ve or expression
-ve ohara.ct r of character
in Groups in Groups
X y Z X Y Z
acters
A ... 16
Q
1
1'5
1
15
16
o
15
1
13
3
13
3
...
1 0
14 44
11 36
4 8
12 29
3 15
6 17
9 27
13 10
2 34
1 2
14 42
12 40
3 4
+
B + ...-
c ... +
D ... ... +-
E .... ... ...
F ...
G ... ... ...
H ... 14 9
2 6
I ... 16 3
o 12
J ~ 15 0
1 15
K ... 16 14
34
10
4
40
5
39
18
+-
...
+
... ...
t ...
o 1 26
16 2 3
013 41
16 11 7
o 4- 37
16 13 4
0240
16 5 8
o 10 36
... ...-
...
...
}{ ... ... ...-
I ... ... ...
.'!
x y
- 16 1
o 17
1 13
15 5
1 14
15 4
16 8
o 10
15 15
1 3
13 1
3 17
13 14
.3 4
14 11
2 7
16 3
o 15
15 1
1 17
16 16
z
o 16
41 0
34 10
7 6
27 12
14 4-
15 16
26 0
8 15
33 1
2 15
39 1
38 13
3 3
32 14 11
927
4 16 3
37 0 15
4
37
16 16 16
x
(c)
3rd Assessment
y x zyz
...
...
+-
+
...-
o
16
o
16
o
16
o
16
o
1
17
16
o
16
2
1~
.3
16
2
6
12
15
3
o
41
40
1
37
4
33
8
... ... +
...- + +
...- ... ...
20
21
+
...... -
7
34
38
3
33
8
4
37
... ...-
16
2
2
16
12
6
14
4
7
11
25 0 2 25
3 16 2 3
38 0 16 38
6 16 16 ?-4
35 0 2 17
.3 16 14 4
38 0 4 37
6 16 7 6
35 0 11 35
... ...-
significant deviations (p > 0.05) f'rom 111 ra.tio f'or alternati"¥
gorY asaions of' a character are shown by r d type. Predominant
e$.Pr ssionS ,of characters under (b) d (c) ar only aha where thev.$.Pre <#
d.1ffer froID (a).
Table 14. Distribution of oharaoters as ori~inalll soored for sam~les
within Groups X, Y and Z
+ Division for analysis
(!:) + (+) (!1 «+)) Detailed scoring divisions... -
Group X
J. 11 5
:9 1 9 6
c 1 11 4
1> 16
E 11 4
F 13 2 1
G 10 1 2 3
H 14 2 + (+)I 4 12 + - (+) - Score3
J 6 9 1 J 4+ 3-4 2-3 2 No. of border
cells
I: 12 4
L 9 1 6
II 16
}l 13 2 1
0 16
~py
i,
A 1 5 12
B 13 5
C 13 1 2 2
D 8 7 3
E 7 8 1 2.,. 1 5 2 10
0 11 3 1 3
H 11 7
I
J 1 11
I: 1 8 1 1 1
L 2 3 13
K 8 4 4 2
:I 5 9 2 2
0 1 1 11
~Z
J. 4 37
B 32 2 6 1
c 25 2 10 1 3
D 14 1 18 1 7
E 5 3 12 1 2 18
F 2 5 5 29
G )4 1 3 1 .2
B 31 1 8
I 37
J 4
x: 5 11 16 9
1" ) 4 l4• , 1 18 6 11:I 2 1 1 5 32
0 2 )'
Table 15. Distribution of characters of samples within
Grou;es X and ,Y + z)
Ca) Cb)
2nd Assessment 3rd Assessment
Dbaraoter No. of samples Predominant
with +ve or -ve expression
oharacter in of character
Groups in Groups
X YZ X YZ X yz X yz
A + 16 1 + 16 1
0 58 0 58
47 10 58
+:s + 1 + - +
- 15 12 6 1
12 53 ... +C + 1 41 ;- ..
- 15 18 4- 6
16 23 + 16 48 ... +D - + + -
0 36 0 11... 15 36E + 15 23 + -
1 36 1 23
F + 13 3 + 15 13
3 56 1 46
G + 13 52 + + 13 53
3 7 3 6
H + 14 43 ... ... 14 44
2 16 2 15
I + 16 7 ... 16 7
0 52 0 52
J + 15 5 +
1 54 ;-
16 32
K + 16 32 ... -
0 27 0 27
L + 16 5 + 16 5
0 54 0 54
16 18 + 16 40 ... +...
0 41 0 19
N + 16 17 + 16 18
0 42 0 41
13 + 16 13
0 46 0 46
Non-significant deviations (p > 0.05) fro 1.1 ratio for Iternati
expressions of a character ar 1nd1cat d by r d t •
Predominant expressions of ohar otero under (b) only shown
they dlffer from Ca).
Tabl. 18. Branoh l.af d1mensio•• in a !R.oimen of S.reourYUII
oultivated under different condition.
Dat. Sample ~-L.r Ly,t._ ~ DID. iJl DID. Branoh
_&I r&ZJg. _all raDP length-. oa.
10·55 RIV Or1g1.nal 0.6 2.8 1.8 2.0-1·7 0.6 0·7-0·6 1..8-2.0
6·56 (a) Indoor (.ep. 0·7 ).3 1·5 1·7-1·4 0·5 0.6-0.4 1·4-2.0
6·56 (a) Indoor (new) 0.6 3.0 1·4 1.5-1.2 0·4 0.5-0·4 1·00-1·5
11·56 (a) Indoor 0.6 2.8 1.1 1.3-0·9 0·4 0·ro·3 1.<>-1.3
9·56 (b) Field (new) 0.6 2.6 1·5 1·7-1·3 0.6 0.6-0·5 1-7-2.1
Table 23. 1st Analyai8 of S.reourvum - S.ouspidatum oomplex showing
!1Jm1£1oant correlations between oharaoter.
116 speoimens +"')p • 0·°5-)
+ )
<.. 0·01- )P
A B 0 D E F G H I J K L M N 0 p Q
R ++ ++ - ++ ++ ++ ++ ++ 1-+ - ++ ++
Q ++ ++ ++ +1- ++ 1"+ ++
P - ++ ++ 1-+
0 ++ - ++ ++ ++ ++ - ++ ++ 1"+ -
If - ++ + - - - - - - - ++
M + - - -
L ++ - - +-1- 'to+++ -~+ ++ ++
I ++ - - ++ +'" ++ +...- ++
J ++ - ++ "'+ ++ -.....
I - ++ - - -
B ++ - ++ ++ ++
0 + - ++ +, + ++ - ++
E ++ -
D
0 -
B ++
Table 24· 2nd &1alys1s of S.reourvum - S.ouapidatum oomplex Bhowtag
sign11'1cant correlations between oharaoters
117 speoimens ++) p • 0.05 - 0.01-)
+ ) p I... O·Of- )
A B C D E ., G H I J I L K If 0 P Q
R
Q
p + - ++
0 +
J - - ++
JI
L
I:
J - - +1' -
I - -
B -
0, + ++
I
J)
C -
B ++
Tabla 25. 3rd ~~alYB1B of S.recurvum - S.cuspidatum comwlex ehow1eg
Significant correlations between oharaotera
Q
p
o
)(
L . +
J
I
B
o
-
F + +
E
D
o -
I ++
Table 26.
Character
A
B
c
D
E
F
G
H
I
J
Ie
L
o
Distribution of" characters of" samples wi thin Groups It II and UI
( ) (b)
1st Assessment 1at Assessment
Predominant. expression Division of Group
of character in Groups III
o. of'
+ve or -ve oharacter
in Groups
III
+ 44
15
55
4
1
58
o
59
48
11
59
o
56
3
59
o
o
59
58
1
53
6
51
8
o
59
3
56
~
9
7
12
4
o
16
o
16
3
13
13
).
4
12
16
o
o
16
16
o
2
14
a
2
14
10
6
o
16
5
11
o
16
o
16
fiI
o
10
31
54
47
55
4-6
16
85
22
19
·66
35
19
82
30
11
41
60
15
86
8
93
39
62
11
90
62
39
11
90
26
75
o
101
2
99
...
+
+
+
+
...
...
+
....
+
+
....
....
+
8
27
32
+ 17..
...
On-8ignit10_t 4e
ot a oharacter 1 e~ t1 (
•• 1ndU'
Predominant 4aXpl'e. 1
Oft ottlleY dittor hoa (..)
I n In
+ 44
4
43
5
15
33
8
40
13
35
44
4
6
42
15
33
18
30
9
39
6
42
1- 1 •
+ •-
+ +
....
+
....
+ ...
+-
+
+
+ +-
+-
+ '
+- ...-
-
+
'1 re
d (d)
....-
+-
...
25
o
48
~5
23
4
44
9 17
39 36
o 0
48 53
o 2
48 51
26
27
11
42
40
13
8
45
9
44
...
+
,22 +
23
31
13
40
15
38
23
30
6
47
2
51
16
37
11
42
37
16
7
46
...-
...-
...-
•
onl
....-
... 1
54
1
54
46
9'
55
o
54
1
54
1
o
55
53
2
51
4
48
7
o
55
~
5~
48
...-
...-
....
22
16 0
9 36
6 1
19 35
o
(0)
2nd Assessment
II III
20 48
16 16
29 30
7 34-
5 41
31 23
2 11
34 ,. 53
8 14
28 50
29 41
1 23
10 10
26 54
30 7
6 57
3 31
33 33
27 1
9 63-
4 4
32 60
21 18
15 46
2 9
34 55
17 45
19 19
3 8
33 56
14 1..1
53
o
64
o
64
I II III
...
(d)
Final .Asses. nt
45
15
55
5
2
58
1
59
49
11
60
o
57
3
59
1
o
60
58
2
54
6
53
7
o
60
3
57
51
9
26
34-
17
43
39
21
I
22
1~
29
6
4
3-1
2
33
7
28
28
7
9
26
29
6
3
32
26
9
4
31
20
15
3
32
16
19 .-
2
33
12
23
o
35
1
34
II III
56
25
37
4D
50
31
13
68
17
64
50
31
13
68
17
64
38
4-3
5
16
5
76
25
56
10
71
56
25
9
72
20
61
o
o
Tabl. 29. A.nal;UJi8of FinalGroup III of S.reourWlll - S.owspidatUil
oomplex aho..lpi 8ignit10ant oorrelat1on. b.t .... n oharaot.u
81 lIpeoiMn.
ABC D E F G H I J K L K N 0 P Q
R
Q
p ....
0 -
•
II -
L
J: ·
J ·
I ·
H -
Q
F +
E
1>
C
B ++
++ )
)p • 0.05 - 0.01-)
. + + )
- ~ p ( 0·01-
Table 30. }.!.istr~t)'ltion)f oha.raotera aD '.>rii,i1nall.l coored tor
aeu:m1es within C:ro'!Es la II :~-!Y.
Division t_
... - anal.ysl •
(!) + (~) (t' - Detail'ld+ - OP~ 800ring
divisions
Gtou, I .l 37 8 13 2
a 36 4 15 4 1
C 2 14 44
D 1 "Ii 27 6 16 6 ,F 60
G 47 10 2 t
B 48 2 6 3 1
I 60
J 55 3 2
K 44 10
3L 39 4••0 38 5 9
p 1;; 1 9 2 29
{.J 12 2 41
R 35 1 20'n A 15 7 11 2
B 19 1 9 1 5
c 2 2 12 2 11
D 1 1 3 2 28
i 3 2 2 4 24
p 20 8 1 6
G 5 4 7 1 16
H 10 5 14 4 232I 3 7J 11 1 14 2 31I: 4 15L 16..
• 330 2.. 7 5 2 21
Q 35
B 1 33
~IIl A. 38 18 14 2 9
j3 12 7 18 12 32
C 38 12 17 2 12
D 6 1 15 4 49
:i 3 1 12
, 59, 41 , 20 2 ,
Q 5 8 15 2 51
1 15 49• 7 41I 38 4 12I , 16I: 56L 16•• ;:0 6 3 1p 3 11 1 80Q ItII
Table 35. Bran~h leaf measurement data from a Bubmel'g!d oulture ot
S.reourvum, and from a sample ot S.ousp1da'tUlll
Dat. Sallple ~~~ f'u;w)( x,. E. t. ~-. I,-. -. !mean --- ltD·· lDean nag. -.'_
S.£!ouryye RIll
,." !or1giD&l .xpo .. ' + 0·1 3.45 1.6 " .9-1 .) 0., 0.8 .1-0·7 0.2
It·5' fMblaerpd + 0.3 4·1 2.2 ~·7-1·4 0·5 1·9 ~.4-1.3 0.2
S.oWJDldatum C II
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Tabl. 31. Growth ot S.ousp1datum suam.reed in various water oulturel
...
1 IlODth ~ montha 3 month. 4 monthl
late... uro. pI , B pi , B ., B L , :B L pI
ir..
011."
I
'tap 8.8 20 K+) 6.0 0 + 3.8,
lab 7·0 12 + 1·15 0 + -
....tl1l.4 5·6 19 5·; 8 1 12.8 ~O 3.1 3·)5
"tilled + peat 4.65 21 4·9 1 8 14·1 0 ~+) 0.2 3.6
Ilatl11.4 + peat 4.6 18 '·05 0 9 10.1 8 4·3 3·)5'lot ~11 t.rect)
'" • ,.at 4·5 25 4·95 1 ( +). 0 ... 4.0
Ia1D + peat 3·95 22 4·6 7 0 + 3·7
r - FaIolo1. inorea••
J .. 131... ,.
Tabl. 38. Brapoh leaf mea8w.'ement data from three .;posed CE)
oW ture. of originally !Bbmerg!4(S) S.oUllpidatua
lat. Suple Ly-~ ~.)( ~ DID. !vi. LT mm- W.,-. _an range -. IDean r&DgI .-n-..
1'56 eIY Original S + 0·9 6·9 4.8 ~.3-3.3 0.65 ~·9 ~.2-3.0 0.3
~." In400r E + 0.1 5·6 8·7 ~.4-2.2 ~·5 ~.6 ~.9-2.2 0.3,." In400r E + 0.2 6.6 2.2 l.9-1.8 0.35 2·1 2-5-1·1 0.25
.." CXIn Original S - 0·1 6·5 4·0 ~.3-3.0 0.6 4·1 ~.9-3.1 0.35
a." Indoor i: + 0·4 7·1 ).0 4·0-2.3 0·4 ~.6 3.4-2.0 0.3,
't" Cln Or1g1na1 S + 1·2 6.1 4·7 ~.1-3.0 b.e 3·5 ~.2-2.8 0·45
.." ft.14 II + 0.05 5·5 3·7 4·2-3.1 0·7 3.65 4.75-2.8 0.35
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Table 41. Fibril index n}.U!lberfor stem leavea C,out of 20) &loM
6 atem. ot S.tallax
Table 46. SeQuenoe of chanties in B'\em leaveB ot eo new shoot .t
S.reourwm (Tuft 2) trom baBe to 00-.
lumber ot Length Length- Shape of leal Shape ot apex Fibrils
taaci01. width
1 0·4 0.05 Triangular Cuoullate All l.at
0·7 0·7 " " "
1.1 0·55 Round oonoaft " "ba ••
1·4 0·7 " Aout. Upper halt
5 1·55 0.8 tt " "
1·5 0·7 " " "
1·4 0·7 " " "
1·4 0·7 " " "
1.3 0.65 II " It
10 1.3 0.6 Tr1an~;ular " It
1.2 0·55 " " Upper third
1·15 0.45 " " "
1.0 0.35 " " "
0·95 0.3 " " 5- 8 oe11.
15 0·95 0.3 tI Obtuse "
0·9 0.2 " .. "
0·9 0.15 " " "
0.85 0.1 " " "
0.85 0.15 " tI "
20 0.85 0.15 " " Iou
0.1 0.1 " " "
0·9 0.15 " " It
0·15 0.2 " .. Ve'r7 t••
1
~ , I MM.,
• ',' I \ •• J
. . ..
Figo 1. ,Lea£' spectrum. of s. cuspidatum ; leaves removed in
order from base to apex of a mature spreading br-anch,
Fig. 2.
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NO. OF BRANCHES FROM APEX
Variation in length of median branch leaves with increasin g
distance f'rom the coma in 5 stems of So ouspidatumo
The median branoh leaf length is given as the mean length of'two leaves reJ
removed from about the mid-point by length of one spreading branck
per fascicle,
Fig. 3.
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Mean length of increasing numbers of branch leaves o~
s. ouspidatum"J..These means are from two leaves per branch f'rom
1-10 random branches from each of 5 stemso The graph shows that
variation in mean leaf' length is negligible after the 5 branch level,
i.e., after 50 leaveso
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Diagrams illustrating the various relative positions o~
Hyaline and chlorophyllous cells in branch leaves o~ S. recurvum.
I - adaxial surface o~ le~
II - transverse section o~ leaf, adaxial surface uppermost
In II the sectional views given are all those which can be derived
~ram the surface view directly above them.
l.
~
chi ~y
O·OSmm.
Figo 50 Transverse sections of branch leaves of 4 specimens of
s. recurvum showing the variation in degree of exposure of
ohlorophyllous cells within a single sectiono
ohl., chlorophyllous cello by, hyaline cell.
The adaxial surf'ace is uppermost ,
Imm.
Fig. 60 Comparisonof parts of leaf spectra of So pulchrtml(a) arIai
S. recurvum (b), showing the difference in leaf shape. (10 leaves
about the mid-point by length of a spreading branch)
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Fig. 70 Distribution of'means of ~.100 and ~3.100 for 38 samples of
So reuurvum and S. :eulchrum. The means are of 2 median leaves from one
randomly selected spreading branch per sample.
W - maximum.width" L length ,
W3 - width at one third the length from the apex
uuQOOO-OOO ,..
Fig. 80 Comparison of the shapes of antheridial and non-antheridial leaves
from a sample of S. recurvum.
b - antheridial leaves
a - leaves from ~e corresponding position on a non-antheridial
branch of the same stem
2015 25 30
~'IOO
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3S 40
W
Fig. 9. Distribution of means of L30100for 61 samples of S. recurvum
and So pulcbriun.j histograms for the two species are given separately,
and a further histogram canbines part of the S. pulchrum data With the
S. recurvum data. Most samples consisted of two median leaves from
eaoh of 5 branches from each of 5 stems - total 50 leaves.
W3- Width at one third the length from the apex, L - leggth
.p-------- A
p-----
p----
p'------- B
Q cb ---
Q--- o
b ~ __ ---
2 3 4 5 6 7 8
_L_
POPULATION RANGE ----
RANGE OF MEAN
Fig 10. Calculated ranges of variation of L in populations of
W3s. pulchrum,(P); IIfalse S. pulchrLnnll, (pt); S. revurvum, (r); Group A,
(a); GroupB, (b); For explanation see Text p -31 •
Fig. 11.
S.pulchrum S.r~curvum
Surface views of the adaxial side of parts of branch leaves of
~ pulchrum and So recurvum showing varlhous degrees of fusion of the
hyaline cells in a single leaf.
hy, hyaline cella; chl, ohlorophyllous cell; fib, fibril.
O·OSmm.
•Fig. 12.
a
0-1 mm_
Apices of stem leaves of (a)~ Sa amblyphyllum, and (b),
S. reourvum, showing obtuse and acute apioes respeotivelyo
8 Chlorophyllous oells stippled.
b
Fig. 130
a
d
0·1 mm.
b
c
Transve~se sections of stems showing degrees of differentiation
of the cortex. a, S. cuspidatum; b & 0, S. recurvumj d, So pulchrum.
•b
•
O·'mm.
Fig. 14-. Margins of branch leaves of S. cuspidatumshowingserration
due to projecting ends of cells. The leaf margin is at tre left hand
side of the figures.
a, distinct serration; b, rudimentary serration.
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BRANCH LEAF LENGTH (mm.)
MEA~ VALUES SHOWN AS ~
Fig. 15. Frequency distribution of lengths of median branch leaves of
samples within Groups I, II and III, that is s. cus;eidatum, S. fallax
and S. recurvum respectivelyo (22 samples from each Group, 50 stems/
sample, 2 median branch leaves,b stem)
4 6 8 10 12
BRANCH LEAF LENGT¥WIOTH RATIO
MEAN VALUES SHOWN AS J,
l
Fig. 16. Frequenoy distribution of lengt~width ratios of median branch
leaves within Groups I, II & III (samples as in Fig. 15).
S. cUIp\datum
-2'0 -1·5 -1·0 -0·5 0 0·5
L - L (..1ft.)
loA T ~
2·01·5 2·5
Figo 17. Frequency distribution o£ value~ of median-terminal lea£•length for individual branches of samples within Groups I, II & III.
(22 samplesJGroup, 5 stems/sample, 2 median and 2 sub-terminal leaves
£romone randombranc~stem)
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Fig. 18. Variation in shape of'sternleaves of S. recu.:rvutnand
S. amblyphyll1.mlsamples.
a -- triangular-(lingulate), obtuse apex
b isosceles-triangular, obtuse apex
o isosceles-triangular, acute apex
d equilateral-triangular, obtuse apex
1·0 1·2 1·4 1·6 1·8 2·0 2·2 2·4 2·6 2·8
SUM OF ABOVE DATA
1.0 1·2 1·4 1·6 1·8 2·0 2·2 2·4 2.6
STEM LEAF LENGTH/WIDTH RATIO
2·8
Fig. 190 Frequency distribution of lengt~width ratios of stem leaves
of samples within Groups I, II &) IIIo (22 samples/Group J 5, stems/sample J
one leaf/stem)
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Fig. 200 Frequenoy distribution of sample means of length-width of stem
leaves within Groups I, II & III. (33, 35 and 81 samples from Groups
I, II and III respectively, and 5 stems/sample,one leaf/stem)
Fig. 21.
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Variation in length of median and terminal branch Leaaes with
increasing distance from the comain a stem of S. falla:x:. (given as
the mean length of two leaves from the mid-point by length of a branch
and of the 9th and 10th leaves from the distal end of the samebranch;
one branch per fascicle analysed)
Fig. 22.
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Variation in fibril index and length of stem leaves with
inoreasing distanoe from the coma in a stem of S. fall ax. Fibril index
is a measure of the number of fibrillose hyaline oells in a leaf - for
kay see p. {I;.'. (One leaf was measured from each interfasoicular stem
portion, i.e., eve~ fourth leaf.)
Plate 1. s. recurvum ((RN) of Table 18) from an exposed
habitat. (x 1)
(i) After 12 months exposed cultivation in field
(ii) After 12 months exposed cultivation in laboratory
Plate 2. s. recurvum (RII) from an exposed habitat. (x 1 )
(i) 6riginal field sample (2 stems)
(ii) .atter 12 months exposed cultivation in laboratory
Plate 3. §,.. ;eulohrum «PII) of Table 18) from an exposed
habitat. (x 1)
(i)Original field sample (2 stems)
(ii) After 6 months exposed cultivation in laboratory
(iii) After 6 months exposed cultivation in green house
Plate 4. Part of bog behind MoelWnion, near Betheda , daernarvonshire I
showing transition from s. reourvum on a well drained margin
(upper, light ooloured part of plate) to s. ouspidatum in
waterlogged channelo Twoexperimental pots (diameter 7 ~.
are shown sunk in the S. recurvurn.
Plate 5. s. reourvtml (RIll) fran an exposed habitat. (x 1)
(i) Original field sample
(ii) After 2 months immersion in a pool
(iii) After 5 months immersion in a pool
Plate 6. s. recurvum var. robustum (RV) froma a ditch. (x 1)
(1) Marginal plant with top 5 am. above water level
(li) Completel~ submerged central plant
Plate 7. s. recurvun var, robustum (RI) from the same locality
as that shown in late 6. (x 1)
(i) Original field sample (2 submer'ged stems)
(ii) After 2 months exposed cultivation in laborator,y
(iii) After 5 months cultivation as in (ii)
(a)
( b)
Plate 8. S. ouspidatum (evIII) from an exposed habitat after
1 month in (a) subnerged indoor culture and (b) exposed
indoor culture 0 The comas are viewed from above. (x 1)
. b' ta.t. 1W(
s. cuspidatum (eIV) from a submergedij.a J. !lew
t slenders ems are sl).ownthe larger of' which bears a
• etbod (.
shoot produced f'rom an old part of' the stem - a ID
vegetative reproduction referred to on p. '0. (x 1)
Plate 9.
Plate 10. s. cuspidatum (crv) as in Plate 9. (x 1)
(i) After 3 months exposed cultivation in green house
(ii) After 8 months exposed cultivation in green house
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Plate 12. s. cuspidatum (CVIII) from an exposed habitat. (x 1)
(i) Original sample
(ii) Two stems ~rom a sample grown ~or 4 months submerged in
a pool
